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1.0 PURPOSE OF THE PROPOSED FACILITY 

1  .1 INTRODUCTION 

The C l i n c h  R i v e r  Breeder Reactor P l a n t  (CRBRP) w i l l  p rov ide  a  v i t a l  s t e p  

i n  t he  Un i t ed  S t a t e s '  r e a c t o r  development program. The o b j e c t i v e  o f  t h e  

U. S. Atomic Energy Commission (USAEC) L i q u i d  Metal Fast  Breeder Reactor 

(LMFBR) program i s  t o  develop, on a  broad, proven t echno log i ca l  and 

eng ineer ing  base, w i t h  j o i n t  u t i l i t y  and i n d u s t r y  p a r t i c i p a t i o n ,  a  

coopera t i ve  commercial breeder r e a c t o r  i n d u s t r y .  

The development o f  t h e  LMFBR w i l l  p rov ide  an a d d i t i o n a l  o p t i o n  among the  

power genera t ing  techno log ies  a v a i l a b l e  t o  t h e  u t i l i t y  i n d u s t r y  be fo re  

t h e  end o f  t h i s  cen tu ry .  The major  i n c e n t i v e  f o r  development o f  breeder 

r e a c t o r s  i s  t h e  p o t e n t i a l  f o r  v a s t l y  improved u t i l i z a t i o n  o f  uranium f u e l  

resources and thus,  ex tens ion  o f  t h a t  n a t u r a l  f u e l  resource over  a  con- 

' 1 
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s i d e r a b l y  l onge r  p e r i o d  o f  t ime.  Th i s  i s  o f  p a r t i c u l a r  importance d u r i n g  

these t imes o f  r e c o g n i t i o n  o f  t h e  dw ind l i ng  o f  ou r  energy resource base. 

The CRBRP i s  e s s e n t i a l  t o  t h e  t i m e l y  development o f  t h i s  o p t i o n  which can 

enable t h e  respons ib l e  use o f  n a t u r a l  energy resources and p rov ide  eco- 

nomic b e n e f i t s  a t  t h e  same t ime.  

As suggested by Regul a t o r y  Guide 4.2, "Prepara t ion  o f  Environmental Reports 

f o r  Nuclear  Power P lants , "  Sec t ion  1  o f  t he  Environmental  Report  should 

gene ra l l y  d iscuss  t h e  need f o r  t h e  proposed f a c i l i t y .  The suggested f o r -  

mat and con ten t  f o r  Sec t ion  1, however, a r e  d i r e c t e d  p r i m a r i l y  toward 

nuc lea r  power p l a n t s  b u i l t  f o r  t h e  s p e c i f i c  purpose o f  genera t ing  e l ec -  

t r i c a l  power, and hence a r e  n o t  s t r i c t l y  a p p l i c a b l e  t o  t h e  CRBRP. The 

p r imary  purpose o f  t h i s  p r o j e c t  i s  broader i n  scope, w i t h  t h e  bas i c  

o b j e c t i v e s  be ing  those ou t1  i n e d  i n  Sec t ion  1.1.2. Thus t h e  j u s t i f i c a t i o n  

f o r  t h i s  p r o j e c t  i s  based p r i m a r i l y  on i t s  t echno log i ca l  na tu re  and t h e  

c o n t r i b u t i o n  t h a t  t h e  proposed p r o j e c t  w i l l  make toward t h e  achievement 



o f  t he  t i m e l y  a v a i l a b i l i t y  o f  t h e  LMFBR as a  power generat ion technology 

o p t i o n  f o r  commercial use. The e l e c t r i c a l  power generated w i l l  be i n c i -  

denta l  t o  t h e  pr imary ob jec t i ve .  

The CRBRP w i l l  be operated as an i n t e g r a l  p a r t  o f  t he  Tennessee Va l l ey  

A u t h o r i t y  (TVA) e l e c t r i c a l  g r i d ,  bu t  i t s  a d d i t i o n a l  generat ing capac i ty  

w i l l  n o t  be used i n  TVA's p lans t o  i n s t a l l  capac i ty  t o  meet f u t u r e  system 

load  demands. The t o t a l  n e t  e l e c t r i c a l  ou tpu t  o f  t he  CRBRP du r ing  the  

demonstrat ion p e r i o d  w i l l  be purchased by TVA a t  t h e  h ighes t  incremental  

cos t  TVA would have i n c u r r e d  a t  generat ing p l a n t s  on i t s  system which 

i t  would otherwise have used f o r  producing t h e  same amount o f  energy o r  

which i t  would have i n c u r r e d  i n  a c q u i r i n g  such energy from o the r  sources 

through in terchange and/or purchase. I t  has been est imated t h a t  t h i s  

w i l l  amount t o  a  t o t a l  revenue t o  t he  P r o j e c t  o f  approximately $47 m i l l i o n  

i n  1974 d o l l a r s  over t h e  demonstrat ion per iod.  

As s t a t e d  i n  the  r e c e n t l y  issued D r a f t  Environmental Impact Statement f o r  

the  LMFBR program,( ' ) major  emphasis i s  being placed on the  development 

o f  a  technology t h a t  w i l l  l ead  t o  an economic, r e l i a b l e  and safe source 

o f  nuc lear  energy which w i l l  breed f i s s i o n a b l e  ma te r i a l  so as t o  reduce 

the  uranium and separa t ive  work requirements f o r  the remainder o f  t h i s  

century.  W i th in  the  contex t  o f  the o v e r a l l  LMFBR program, t he  CRBRP i s  

an e s s e n t i a l  s tep  toward achievement o f  t he  program ob jec t i ves .  I n  t u rn ,  

achievement o f  t h e  program ob jec t i ves  would p rov ide  the Nat ion w i t h  t he  

op t i on  o f  employing LMFBR technology f o r  power generat ion on a  broad, 

commercial scale.  

1  .l. 1 BACKGROUND 

The CRBRP, as p a r t  o f  t he  AEC's "Cooperat ive Power Reactor Demonstration 

Program" announced i n  January, 1972, commenced w i t h  acceptance o f  t h e  

j o i n t  Commonwealth Edison Company o f  Chicago and TVA proposal t o  work 

w i t h  t h e  AEC t o  design, develop, cons t ruc t  and operate t h e  f i r s t  LMFBR 



demonstrat ion p l a n t .  To implement t h i s  proposal ,  two n o n - p r o f i t  o rgan i -  

za t ions ,  Breeder Reactor Corpora t ion  (BRC) and P r o j e c t  Management Corpor- 

a t i o n  (PMC), were es tab l i shed  t o  coo rd ina te  u t i l i t y  p a r t i c i p a t i o n ,  w i t h  

PMC p r o v i d i n g  c e n t r a l i z e d  management o f  t h e  CRBRP through t h e  complet ion 

o f  t h e  f i v e - y e a r  demonstrat ion program. I n  November o f  1972, t he  se lec -  

t i o n  o f  Westinghouse E l e c t r i c  Corpora t ion  was announced by AECIPMC as 

t h e  l ead  s u p p l i e r  o f  t h e  Nuclear  Steam Supply System. The General E l e c t r i c  

Company and Atomics I n t e r n a t i o n a l  ( D i v i s i o n  o f  Rockwell I n t e r n a t i o n a l  

Corpora t ion) ,  who a l s o  submi t ted proposals  f o r  t h e  Nuclear  Steam Supply 

System, were au tho r i zed  t o  be r e t a i n e d  by Westinghouse E l e c t r i c  Corpor- 

a t i o n  as ma jo r  subcon t rac to rs  t o  t h e  des ign o f  t h e  Nuclear  Steam Supply 

System. Burns and Roe, Incorporated,  was r e t a i n e d  by PMC i n  December of 

1972 as t h e  p r o j e c t  Arch i tec t -Eng ineer .  

1.1.2 GENERAL OBJECTIVES 

I n  keeping w i t h  t he  o b j e c t i v e  o f  t h e  LMFBR program, t h e  o b j e c t i v e s  o f  

t h e  CRBRP, as s t a t e d  i n  Con t rac t  No. A1 (49-18)-12 among t h e  P r o j e c t  

p a r t i c i p a n t s  a re  as f o l l o w s :  

1. To c o n f i r m  and demonstrate t h e  p o t e n t i a l  va lue  and env i ron-  

mental  d e s i r a b i l i t y  o f  t h e  LMFBR concept as a  p r a c t i c a l  

and economic f u t u r e  o p t i o n  f o r  genera t ing  e l e c t r i c a l  power; 

2. To c o n f i r m  t h e  va lue  o f  t h i s  concept f o r  conserv ing 

impo r tan t  nonrenewable n a t i o n a l  resources; 

3. To develop, f o r  t h e  b e n e f i t  o f  government, i n d u s t r y  

and t h e  p u b l i c ,  impor tan t  t echno log i ca l  and economic 

data; 

4. To p rov ide  a  broad base o f  exper ience and i n f o r m a t i o n  

impo r tan t  f o r  commercial and i n d u s t r i a l  a p p l i c a t i o n  o f  

t he  LMFBR concept; and 



5. To verify certain key characteristics and capabi 1 i t i e s  

of LMFBR plants for  operation on u t i l i t y  systems such 

as l icensabi l i ty  and safety,  operabili ty,  r e l i ab i l i t y ,  
ava i lab i l i ty ,  maintainability, flexi bi 1 i ty and prospect 

for  economy. 

The ab i l i t y  of the CRBRP to meet these objectives will provide a firm 

basis from which the long term goals of the LMFBR program can be 

attained over the long term. Establishment of an equilibrium breeder 

reactor economy would both provide the f i s s i l e  material needed to fuel 

nuclear power plants and to  meet the nation's growing electr ical  power 
demand. 



1.2 NEED FOR THE LMFBR PROGRAM 

I n  h i s  June 4, 1971, Energy Message t o  Congress, the  Pres ident  i d e n t i f i e d  

t h e  L i q u i d  Metal Fas t  Breeder Reactor as one o f  several  promising c lean 

energy development areas which should be q u i c k l y  demonstrated on a commer- 

c i a l  sca le  and announced a commitment " .  . . t o  complete the  successful  

demonstrat ion o f  t he  l i q u i d  metal  f a s t  breeder r e a c t o r  by 1980." Under- 

l y i n g  t h i s  commitment i s  the  expec ta t ion  t h a t  t i m e l y  i n t r o d u c t i o n  o f  the  

LMFBR should enable subs tan t i a l  f u t u r e  benef i t s ,  i n  terms o f  reduced 

e l e c t r i c a l  generat ion and environmental costs,  t o  accrue. The LMFBR 

w i l l  thereby extend a v a i l a b l e  uranium f u e l  resources from a few decades 

t o  cen tu r i es  and w i l l  reduce the  requirements f o r  raw uranium ore  com- 

pared t o  c u r r e n t  nuc lear  power p l a n t  opt ions.  The basic  need f o r  v igorous 

p u r s u i t  o f  t h e  LMFBR program has been the  sub jec t  o f  exhaust ive rev iew 

through the  Atomic Energy Commission's r e c e n t l y  issued " D r a f t  Environmental 

Statement - L i q u i d  Metal Fas t  Breeder Reactor Program". The Statement 

prov ides the  s t a r t i n g  p o i n t s  from which assessment o f  the need f o r ,  objec- 

t i v e s  o f  and importance o f  t i m e l y  complet ion o f  the CRBRP must f o l l ow .  

Therefore, i n  subsequent p o r t i o n s  o f  t h i s  sect ion,  p e r t i n e n t   conclusion^ 
o f  the Program Statement are summarized t o  p rov ide  an appropr ia te contex t  

f o r  cons idera t ion  o f  the  s p e c i f i c  purposes o f  the  CRBRP. 

1.2.1 ADVANTAGES OF THE BREEDER 

The r a p i d  growth o f  commercial L i g h t  Water Nuclear Reactors coming i n t o  

opera t ion  over t he  pas t  decade has c l e a r l y  demonstrated t h a t  nuc lear  

energy f rom L i g h t  Water Reactors (LWR1s) i s  an economical l y  compet i t ive,  

r e l i a b l e  and sa fe  source o f  energy product ion.  However, the  LWR1s and gas 

cooled reac to rs  do no t  f u l l y  u t i l i z e  the  energy p o t e n t i a l  o f  nuc lear  f u e l ,  

u t i l i z i n g  o n l y  one t o  two percent  o f  the  energy ava i l ab le .  'Furthermore, a 

LWR must u t i l i z e  uranium enr iched t o  approximately t h ree  percent  i n  U-235 

( i n  n a t u r a l l y  occu r r i ng  uranium, o n l y  0.7% i s  t he  thermal l y  f i s s i o n a b l e  

i so tope U-235, t he  r e s t  being the  U-238), an expensive and compl icated 
i 

. - process r e s u l t i n g  i n  "wasted" U-238 depleted i n  U-235. 



I n e f f i c i e n t  use o f  uranium i n  L i g h t  Water Nuclear  ~ e a c t o r s  leads t o  the 

p r e d i c t i o n  t h a t  the  es t imated  low c o s t  uranium reserves i n  t he  Un i t ed  

S ta tes  would be consumed w i t h i n  the n e x t  25 t o  50 years  us ing  the  p resen t  

l i g h t  wa te r  r e a c t o r  concept. A more d e t a i l e d  account o f  these p r e d i c t i o n s  

can be found i n  t he  re fe rences  l i s t e d  i n  Sec t ion  2.1 o f  t h e  " D r a f t  Env i ron-  

mental  Statement, L i q u i d  Metal  Fas t  Breeder Reactor Program". 

Because the  Breeder Reactor conver ts  non - f i s s i onab le  U-238 t o  f i s s i o n a b l e  

Pu-239, t he  o therw ise  wasted U-238 i s  t ransformed t o  a  usefu l  f ue l .  More 

Pu-239 i s  produced than consumed; hence the term "breeder" .  Th i s  f a c t  o f  

b reed ing  enables the r e a c t o r  t o  r e p l e n i s h  i t s  own f u e l  needs and e v e n t u a l l y  

p rov ide  enough a d d i t i o n a l  Pu-239 t o  operate another  r e a c t o r .  The same con- 

ve rs i on  o f  U-238 t o  Pu-239 takes p lace  i n  L i g h t  Water Reactors b u t  o n l y  a  

f r a c t i o n  (%0.6) atoms o f  Pu-239 a re  produced f o r  each f i s s i o n a b l e  atom 

consumed. Hence, L i g h t  Water Reactors a re  c a l l e d  "conver te rs "  and must 

be r e f u e l e d  w i t h  f u e l  f rom o t h e r  sources. 

I n  t he  f o l  l ow ing  sec t i ons ,  s p e c i f i c  advantages o f  t he  Breeder Reactor 

w i t h  respec t  t o  thermal convers ion e f f i c i e n c y  , environmental  p r o t e c t i o n  

and the  l i q u i d  metal  o p t i o n  w i l l  be addressed. 

1.2.1.1 EFFICIENCY OF ENERGY RESOURCE USE 

As po in ted  o u t  above, t h e  energy convers ion process i n  LWR's i s  i n e f f i c i e n t  

i n  t h a t  o n l y  approx imate ly  one t o  two percen t  o f  t h e  a v a i l a b l e  energy i s  

u t i l i z e d .  The Breeder Reactor, however, by conve r t i ng  t he  non - f i s s i onab le  

U-238 t o  t h e  f i s s i o n a b l e  Pu-239 increases t h i s  u t i l i z a t i o n  t o  p o t e n t i a l l y  

over  60 percen t .  

LWR's, because o f  t h e i r  f u e l  u t i l i z a t i o n ,  a r e  a l s o  very  s e n s i t i v e  t o  t h e  

p r i c e  o f  uranium. Hence, as h i g h  grade uranium ores become l e s s  abundant 

due t o  i nc reas ing  demand by LWR'S, t he  a d d i t i o n a l  process ing r e q u i r e d  f o r  

low-grade ores w i l l  i nc rease  t h e  p r i c e  of LWR fue l .  Wi th  t h e  i n t r o d u c t i o n  



of t h e  breeder  comes t he  a b i l i t y  t o  economica l ly  use n o t  o n l y  low-grade 

ores (which can o n l y  be used i n  LWR's i f  cons iderab ly  h i g h e r  power cos ts  

a r e  accep tab le )  b u t  a l s o  t h e  dep le ted  uranium produced as a  by-product  

o f  t h e  LWR f u e l  cyc le .  

A measure o f  e f f i c i e n c y  o f  t h e  b reed ing  na tu re  o f  t h e  LMFBR i s  e i t h e r  

t h e  breeding r a t i o  o r  t he  compound doub l i ng  t ime.  The b reed ing  r a t i o  

i s  def ined as t h e  r a t e  o f  p roduc t i on  o f  f i s s i l e  i so topes  t o  t h e  r a t e  

o f  d e s t r u c t i o n  o f  f i s s i l e  i so topes .  A  b reed ing  r a t i o  g r e a t e r  than one 

means t h a t  more f u e l  i s  be ing  produced than consumed. The compound 

doub l ing  t i m e  i s  t h e  l e n g t h  o f  t ime  r e q u i r e d  t o  produce as much f i s s i o n -  

a b l e  m a t e r i a l  as t h e  amount o r i g i n a l l y  con ta ined  i n  t h e  core  p l u s  t h e  

amount t i e d  up i n  t h e  f u e l  r e c y c l i n g  process. As shown i n  F igure  1.2-1, 

t h e  compound doub l ing  t ime  o f  t h e  CRBRP i s  p r e s e n t l y  es t imated  a t  approx- 

i m a t e l y  30 years .  

L Once data f rom ongoing development programs and ope ra t i ona l  exper ience 

a re  ob ta ined  t o  p rov ide  b e t t e r  c h a r a c t e r i z a t i o n  o f  t h e  core, t h i s  doub l ing  

t ime  should be reduced s i g n i f i c a n t l y .  Present  designs f o r  t h e  i n i t i a l  

commercial LMFBR's c a l l  f o r  compound doub l ing  t imes o f  approx imate ly  

30 years .  F u r t h e r  improvements t o  t h e  ox ide  f u e l s  used f o r  these e a r l y  

LMFBR's should reduce t he  compound doub l ing  t ime t o  10 years.  Use o f  

advanced f u e l s ,  such as carb ides  o r  n i t r i d e s  ( o f  which development pro-  

grams a r e  p r e s e n t l y  underway) a r e  expected t o  produce compound doub l i ng  

t imes o f  l e s s  than  10 years.  

1.2.1 .2 PLANT EFFECTIVENESS I N  THERMAL CONVERSION 

The LMFBR, because o f  t h e  h i gh  coo lan t  o p e r a t i n g  temperatures, has a  

thermal e f f i c i e n c y  h i ghe r  than  LWR's. Thermal e f f i c i e n c y  i s  de f i ned  as 

t h a t  f r a c t i o n  o f  t h e  t o t a l  thermal power produced t h a t  i s  conver ted t o  

e l e c t r i c a l  power. 



For a system i n  which steam i s  used as the  working f l u i d  t o  d r i v e  a 

tu rb ine ,  the  amount o f  energy t h a t  can be ex t rac ted  from the steam i s  

genera l l y  a f u n c t i o n  o f  the magnitude o f  the  steam temperature decrease 

. t h a t  can be obtained as the steam passes through the  tu rb ine .  Since the 

t u r b i n e  systems f o r  both LMFBR's and LWR's r e j e c t  exhaust steam a t  approx- 

imate ly  the same temperature, i t  fo l l ows  t h a t  the  h igher  LMFBR t u r b i n e  

i n l e t  steam temperature y i e l d s  more e f f i c i e n t  conversion t o  e l e c t r i c i t y .  

For both the  LMFBR and LWR, the maximum temperature o f  the  steam en te r i ng  

the  t u r b i n e  i s  s e t  by the  maximum coo lan t  temperature t h a t  can be obtained 

as the  coo lan t  passes through the reac tor .  

I n  t he  case o f  the  LWR, the  maximum coo lan t  temperature t h a t  can be 

achieved i s  s e t  by the  system pressure which i n  t u r n  f i x e s  the  b o i l i n g  

p o i n t .  Hence, once the  water coo lan t  temperature reaches the b o i l i n g  

po in t ,  no f u r t h e r  temperature increase can take place. For L i g h t  Water 

Reactors, t h i s  temperature i s  f i x e d  usua l l y  between 500 degrees F and 

650 degrees F. Steam superheat ing i n  the LWR core has n o t  proved p r a c t i -  

cable due t o  f u e l  c rack ing  problems. Any f u r t h e r  increase o f  the  steam 

temperature would then have t o  be accomplished by non-nuclear means, such 

as o i l - f i r e d  superheaters. Also, because o f  the  low steam temperatures 

i n  LWR's, steam reheat  i s  n o t  economically advantageous. For these 

reasons, thermal e f f i c i e n c i e s  f o r  opera t ing  LWR's a re  u s u a l l y  between 

30 t o  33 percent.  

The LMFBR, because o f  the  h igh  b o i l i n g  p o i n t  o f  sodium (approximately 

1,650" F), can achieve h igh  core o u t l e t  temperatures and i s  n o t  l i m i t e d  

by the  b o i l i n g  phenomena associated w i t h  LWR's. As a consequence, r e l a -  

t i v e l y  h igh  steam temperatures can be obtained s ince the  sodium tempera- 

t u res  a re  w e l l  above the  water b o i l i n g  p o i n t  a t  design pressures and 

d i r e c t  sodium superheat ing o f  the steam i s  possib le.  Gross thermal 

e f f i c i e n c i e s  f o r  LMFBR' s a re  p resen t l y  est imated t o  be approximately 

35 t o  41 percent.  I n  F igure  1.2-2, a comparison o f  thermal e f f i c i e n c i e s  

among f o s s i l ,  LWR and LMFBR power p lan ts  i s  shown. For the  LMFBR 



demonstrat ion p lan t ,  t h e  gross thermal e f f i c i e n c y  i s  est imated t o  be 

approximately 39 percent  and t h e  ne t  thermal e f f i c i ency  approximately 

36 percent due t o  i n - p l a n t  e l e c t r i c a l  consumption. Thus, a LWR p l a n t  o f  

equ iva len t  thermal power t o  t he  CRBRP produces a ne t  e l e c t r i c a l  ou tpu t  o f  

30 t o  58 MWe l e s s  than t h e  CRBRP. As more i n fo rma t i on  becomes a v a i l a b l e  

on ma te r i a l  behavior i n  h igh  temperature environments, i t  i s  a n t i c i p a t e d  

t h a t  f u t u r e  LMFBR's w i l l  have even h igher  core o u t l e t  temperatures and 

correspondingly  h i  gher thermal e f f i c i e n c i e s  . 

1 .2.1.3 ENVIRONMENTAL ADVANTAGES 

The CRBRP, as w e l l  as nuc lear  power p l a n t s  i n  general, o f f e r  d i s t i n c t  

environmental advantages over  f o s s i  1 - fue l  power p lan ts .  

Dur ing operat ion,  t he re  a re  no combustion products such as f l y  ash and 

s u l f u r  d i o x i d e  emissions cont inuous ly  re leased t o  t h e  environment and 

no l a r g e  amounts o f  f u e l  such as o i l  o r  coal t h a t  must be cont inuous ly  

prov ided i n  o rder  t o  i nsu re  an un in te r rup ted  supply o f  e l e c t r i c a l  power. 

By e l i m i n a t i n g  t h e  need f o r  cont inuous supp l ies  o f  l a r g e  amounts o f  f o s s i l  

fue ls ,  a t tendant  cons idera t ions  o f  sp i  11 s and o the r  impacts associated 

w i t h  t r a n s p o r t i n g  these f u e l s  a re  a l so  e l im ina ted .  

Impacts on t h e  environment due t o  t h e  removal o f  these f u e l s  f rom t h e  

e a r t h  and t r a n s p o r t a t i o n  t o  t h e  p o i n t  o f  use are  a l so  e l im ina ted .  I n  

F igure  1.2-3, t h e  r e l a t i v e  l and  areas d i s tu rbed  by t h e  min ing of uranium, 

coa l  and o i l  shale a re  shown. 

A l e s s  obvious b e n e f i t  of t h e  LMFBR, brought about by t h e  decrease i n  

min ing  and f a b r i c a t i o n  requirements, i s  t he  reduc t i on  i n  occupat ional  

acc idents associated w i t h  t h e  opera t ion  of an LMFBR. F igure  1.2-4 shows 

t h i s  reduc t i on  i n  comparison w i t h  o the r  types o f  commercial power p lan ts .  



Small amounts of radioactive wastes will be produced during the operation 

of the CRBRP,  as they are produced during the operation of a l l  nuclear 

power plants. Any releases of these radioative materials are  expected 

t o  be less  than the already insignificant releases from LWR's and well 

within applicable regulations. 

An additional advantage of the C R B R P ,  and for  LMFBR's in general over 

LWR's, i s  the reduced heat content of the thermal discharge per kilowatt 

produced. As described in Section 1 .2.1 . 2 ,  the increased thermal e f f i -  

ciency of the LMFBR over the LWR resul ts  in additional e lectr ical  kilo- 

watts generated per thermal kilowatt produced. Waste heat discharged 

to  the environment i s  less  for  the LMFBR than for the LWR of the same 

thermal power rating. 

1 . 2 . 2  CHOICE OF THE LIQUID METAL OPTION 

Reactors presently planned or in commercial operation today use a f i s s i l e  

nuclear fuel a t  a rate which estimates that the U .  S. low cost uranium 

reserves would be consumed in 25 to 50 years, as seen in Figure 1.2-5. 

The obvious need for  a breeder to  preserve the nuclear option then leads 

to  the choice of breeder options available. Besides the LMFBR, the three 

principal candidate alternative breeder reactor types are the Light Water 

Breeder Reactor ( L W B R ) ,  the Gas Cooled Fast Breeder Reactor ( G C F R )  and 

the Molten Sal t  Breeder Reactor (MSBR).  

The LWBR in a practical sense i s  more a converter than a breeder, since 

i t  does not produce a large surplus of fuel for use in additional reactors. 

Thus, for  an expanding LWBR system, substantial mining and enrichment of 

additional natural uranium would be required and that  concept would ul t i  - 
mately be restr ic ted by uranium avai labi l i ty .  

The G C F R  uses the same fuel cycle as the LMFBR and fuel ut i l izat ion incen- 

t ives are similar. The GCFR i s  presently behind the LMFBR in development 



and cons iderab le  a d d i t i o n a l  e f f o r t  would be r e q u i r e d  t o  b r i n g  t h i s  r e a c t o r  

i n t o  a  commercial ope ra t i on  on t he  same t ime  sca le  as t h e  LMFBR. However, 

if GCFR were developed i n  p a r a l l e l  w i t h  t h e  LMFBRy i t  cou ld  become compe- 

t i t i v e  w i t h  t h e  LMFER as t he  HTGR i s  now approaching compe t i t i ve  p a r i t y  

w i t h  t h e  LWR. I n  r e c o g n i t i o n  o f  t h e  p o t e n t i a l  o f  t h e  GCFR, t h e  AEC 

has undertaken expanded GCFR research and development programs d i r e c t e d  

toward a c c e l e r a t i n g  development o f  t h a t  o p t i o n .  

The MSBRy which operates on t h e  thor ium cyc le ,  o f f e r s  broader resource 

u t i l i ~ z a t i o n ,  b u t  research and development requirements i n d i c a t e  t h a t  t h i s  

r e a c t o r  w i l l  n o t  be a v a i l a b l e  be fo re  1990. As w i l l  be po in ted  o u t  i n  

Sec t ion  1.4, t h i s  i s  n o t  a  f e a s i b l e  o p t i o n  w i t h i n  t h e  t ime  sca le  necessary 

f o r  t h e  i n t r o d u c t i o n  o f  a  breeder.  

Choice o f  t h e  l i q u i d  meta l  op t ion ,  s p e c i f i c a l l y  t he  LMFBR, f o r  t h e  U .  S.  

Breeder Reactor program was based p r i n c i p a l l y  on p r e d i c t e d  performance, 
' \  

i i n d u s t r i a l  support ,  a  broad base o f  t echno log i ca l  exper ience and proven 

bas i c  f e a s i b i l i t y .  

Use o f  l i q u i d  sodium o f f e r s  t h e  .best combinat ion o f  c h a r a c t e r i s t i c s  f o r  

t h e  Breeder Reactor.  These inc lude :  e x c e l l e n t  heat  t r a n s f e r  p rope r t i es ;  

low pumping power requirements;  low system pressure requirements;  t he  

a b i l  i ty t o  absorb cons iderab le  energy under emergency c o n d i t i o n s  (due 

t o  i t s  ope ra t i on  w e l l  below t h e  b o i l i n g  p o i n t ) ;  a  tendency t o  r e a c t  w i t h  

o r  d i s s o l v e  many f i s s i o n  products  and t o  r e t a i n  them w i t h i n  t he  sodium; 

and e x c e l l e n t  neu t ron i c  p rope r t i es . *  A d d i t i o n a l l y ,  t he  U. S. i n d u s t r y  

has a  w e l l  es tab l i shed  c a p a b i l i t y  f o r  produc ing h i gh  grade sodium i n  

l a r g e  q u a n t i t i e s .  There a re  c e r t a i n  drawbacks, however, assoc ia ted  w i t h  

i t s  use. These i n c l u d e  i t s  chemical r e a c t i v i t y  w i t h  a i r  o r  water,  a c t i -  

v a t i o n  under i r r a d i a t i o n  and r e l a t i v e l y  h i gh  m e l t i n g  p o i n t .  On balance, 

* Neutron c o l l i s i o n s  w i t h  sodium do n o t  app rec iab l y  reduce t h e i r  energy 
and hence breeding o f  Pu-239 i s  s t i l l  poss ib l e .  I n  LWR's, water  i s  used 
t o  bo th  remove hea t  and decrease neu t ron  energy so f i s s i o n i n g  o f  U-235 
can occur.  



t he  unique advantages of sodium, along w i t h  considerable technology, 
developmental e f f o r t s  and operati ng experience previously acquired w i t h  

sodi urn cool an t s ,  contri  bute t o  t he  expectation t h a t  t h i s  reactor system 
can be brought t o  a s tage of commercial application i n  a r e l a t i ve ly  
short  period of time. 



CRBR, 
REFERENCE \ 
PARAMETERS \ 

CRBR, ADVANCED 
EX-REACTOR 
PARAMETERS 

ADV. LMFBR \ 

BREEDING RATIO 

Figure 1.2-1 COMPOUND SYSTEM DOUBLING T IME VS. BREEDING RATIO  FOR 
CRBR AND ADVANCED LMFBR'S 



Key - F igure  1 .2 -1  

DOUBLING T I M E  PARAMETERS 

REFERENCE CRBR PARAMETERS: 

SPECIFIC POWER 0.65 MWtIkg 

REPROCESSING TIME 12 MONTHS 

CORE FRACTION REPLACED EACH CYCLE 0.306 
REFUELING INTERVAL  12 MONTHS 

LOSS FRACTION 1% 

CYCLE LENGTH 275 FPD 

CRBR, ADVANCED EX-REACTOR PARAMETERS: 

SPECI FIC POWER 

REPROCESSING T lME 

CORE FRACTION REPLACED EACH CYCLE 

REFUELING INTERVAL  

LOSS FRACTION 

CYCLE LENGTH 

ADVANCED LMFBR PARAMETERS: 

SPECI FIC POWER 

REPROCESSING T lME 

CORE FRACTION REPLACED EACH CYCLE 

REFUELING INTERVAL  

LOSS FRACTION 

CYCLE LENGTH 

0.65 MWtIkg 

6 MONTHS 

0.306 

12 MONTHS 

0.2% 

275 FPD 

I .o MWt/kg 

6 MONTHS 

0.306 

12 MONTHS 

0.2% 

275 FPD 



FOSSIL* LMFBR** 
EFFICIENCY 38% 41 % 

MWe 

MWt TO CONDENSER 

*BASED ON TVA PARADISE PL 
704 MWe, 2400 Psi11 050-1 000. 
9020 Btulnet KWhr. 

** NAA SR-12060. 1000 MWe 
PARAMETRIC STUDY. CASE 2 

ANT 

F igu re  1.2-2 COMPARATIVE HEAT REJECTION POTENTIAL FROM VARIOUS 
GENERATING PLANT SYSTEMS 



MINING PROCESSING 

WASTE DUMPS AND BUILDINGS WASTE 

UNDER- 
OPEN-PIT OPEN-PIT GROUND FACILITIES MILL TAILING 

URANIUM 

COAL 

OIL SHALE 

WASHER WASTE 

ASH DUMPS 
r--1 

SPENT SHALE 

Figure 1.2-3 RELATIVE LAND AREA DISTURBED BY ENERGY FUEL PRODUCTION - 
1 0 0 0  MEGAWATT PLANT 
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NON-FATAL INJURIES 

BASIS: ANNUAL OPERATION OF ONE 1000 MWe POWER PLANT 
AT 75% C. F. (6.6 BILLION KWHe) AND ITS SUPPORTING 
FUEL CYCLE REQUIREMENTS 
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Figure 1.2-4 ANNUAL OCCUPATIONAL INJURIES IN THE ALTERNATE ENERGY SYSTEMS 
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F igu re  1 . 2 - 5  DEPLETION OF $ 1 5  RESERVES AS $8 RESERVES ARE MINED OUT 



1 .3 NEED FOR THE DEMONSTRATION PROJECT 

The advantage o f  t he  Breeder Reactor over o the r  a l t e r n a t i v e  energy 

sources has been recognized by the  AEC and o thers  f o r  over one-quarter 

o f  a  century,  and research and development e f f o r t s  have been underway 

s ince  then w i t h  t he  f i n a l  goal be ing the  r e a l i z a t i o n  o f  a  l a r g e  sca le  

commercial LMFBR economy. The under tak ing o f  any la rge-sca l  e  techno1 og- 

i c a l  program, i n  t h i s  case t h e  Breeder Reactor, i s  charac ter ized  by 

developmental mi lestones necessary i n  ach iev ing  the  f i n a l  goal o f  t h a t  

program. One o f  t h e  most s i g n i f i c a n t  mi lestones i n  t he  U.S. Breeder 

Reactor Program i s  t h e  demonstrat ion of t h e  L i q u i d  Metal  Fas t  Breeder 

Reactor. 

I n  connect ion w i t h  AEC's bas ic  s t a t u t o r y  research and development 

mission, a s e r i e s  o f  r eac to rs  have fbr a number o f  years been s p e c i f i c a l l y  

' 1 author ized  by  t h e  Congress t o  show t h e  ac tua l  performance and i n t e r -  

r e l a t i o n  o f  impor tan t  techno log ica l ,  engineering, opera t iona l  and 

economic f a c t o r s .  These p l a n t s  a re  t h e  cu lmina t ion  o f  p r e l i m i n a r y  

i n v e s t i g a t i o n  and t h e o r e t i c a l  work, exp lo ra to ry  development and exper i -  

mentat ion and p r e l i m i n a r y  conceptual engineering. Over the pas t  

qua r te r  of a  century,  t he  Un i ted  States has cons t ruc ted  and operated 

a number of such demonstrat ion p l a n t s  i n c l u d i n g  EBR-I, EBR-11, FERMI and 

SEFOR. In fo rma t i on  obta ined from the  opera t ion  o f  these p l a n t s  aided i n  

t he  r e s o l u t i o n  o f  many techn i ca l  u n c e r t a i n t i e s  associated w i t h  t he  LMFBR 

and l e d  t o  the  conclus ion t h a t  safe commercial s i z e  p l a n t s  would be 

techn ica l  l y  f eas ib le  and economical l y  compet i t ive.  The Fast F l  ux Tes t  

F a c i l i t y  (FFTF) r e a c t o r  i s  the f i n a l  t e s t  r e a c t o r  planned i n  the LMFBR 

program. Present ly  under cons t ruc t i on  a t  the  Hanford Engineering and 

Development Laborator ies (HEDL) i n  Richland, Washington, i t  i s  a l a r g e  

sca le  t e s t  f a c i l i t y  designed t o  p rov ide  experimental  i n fo rma t i on  i n  an 

environment comparable t o  fu tu re  LMFBR' s  . This  i n c l  udes impor tan t  

i r r a d i a t i o n  t e s t i n g  of a  v a r i e t y  of f u e l s ,  r eac to r  con t ro l  m a t e r i a l s  

\ and s t r u c t u r a l  ma te r i a l s  i n  a c o n t r o l l e d  and instrumented f a s t  neutron 



flux. In Figure 1.3-1, a comparative time scale of breeder reactor 

development i s  shown for  the United States and other countries d,evelop- 

ing an LMFBR. 

As the next logical step in the milestones of the Breeder Reactor Program, 

once a firm testing and experimental program has been establ ished to 

provide continuous design information, the capability of the LMFBR as a 

safe ,  commerci a1 power producing faci 1 i ty  must then be demonstrated. 

Specifically,  the CRBRP will help the u t i l i t y  industry and A E C  to: 

1. Demonstrate that  the necessary technology i s  indeed avail- 

able to scale up  and successfully construct and operate 

commercial -sized LMFBR's ; 

2..  Provide a technical basis for extending the technology to 

future commercial plants where improvements in fuel 1 i f e ,  

plant capacity and thermal efficiency will be made for  

economic reasons ; 

3. Develop operating data on the environmental impact of 

the LMFBR before large numbers of commercialized LMFBR's 

are constructed; 

4. Provide a demonstration of the nuclear parameters nec- 

essary for  commerci a1 development; 

5. Demonstrate the minimal impact from disposal of radio- 

acti ve waste materi a1 s ; 

6. Demonstrate the equipment on a 1 arge scale;  and 

7. Demonstrate the breeder concept in an industrial 

envi ronmen t. 

These seven i tems are amplified in subsections 1.3.1 to  1.3.5. Subsections 
1.3.6 and 1.3.7 discuss the selection of plant s ize and participation of 

uti 1 i t i e s  and vendors in the LMFBR Program, respectively. 



1.3.1 DEMONSTRATION OF AVAILABLE TECHNOLOGY 

To demonstrate t h a t  the  r e q u i r e d  technology i s  a v a i l a b l e ,  t he  b e s t  

eng ineer ing  and manufactur ing exper ience o f  t he  CRBRP w i l l  be used. 

Th i s  can be i l l u s t r a t e d  by t he  f o l l o w i n g :  

1. Manufactur ing and t e s t i n g  core  hardware p r o t o t y p i c a l  t o  l a r g e  

s i z e  p l a n t s  - An example i s  the se lec ted  c o r e . s u p p o r t  s t r u c t u r e  

i n  t he  CRBRP. The a l l -we lded  assembly, i n t e g r a l  w i t h  t he  

r e a c t o r  vessel ,  combined w i t h  modular des i  gn core baskets was 

se lec ted  a f t e r  c a r e f u l  s t ud ies  were made on a number o f  non- 

i n t e g r a l  mechani c a l  at tachment concepts. The modul a r  f ea tu re  

o f  the  core suppor t  s t r u c t u r e  design was i n t r oduced  as a d i r e c t  

r e s u l t  o f  e v a l u a t i n g  t he  engineer ing,  f a b r i c a t i o n  and per form- 

ance d i  ffi c u l  t i e s  assoc ia ted  wi t h  e x t r a p o l  a t i n g  a FFTF core 

basket  type design t o  1,000 MWe p l a n t  s i ze .  By t a k i n g  coo lan t  

d i r e c t l y  f rom the  vessel i n l e t  plenum, the  modular design 

minimizes the  p o t e n t i a l  ma1 d i s t r i b u t i o n  i n  a l a r g e - s i z e  p l a n t .  

I t a l s o  a f f o r d s  a s i g n i f i c a n t  inc rease  i n  maintenance capabi li t y  
./ 

w i t h i n  the  range o f  proven technology. The demonstrat ion o f  

such technology f o r  LMFBR p l a n t s  i s  t h e r e f o r e  obta ined.  

Designing and t e s t i n g  r e l i a b l e  i ns t rumen ta t i on  f o r  commerci a1 

p l a n t s  - CRBRP prov ides  a s tepp ing  stone i n  develop ing,  design- 

i n g  and t e s t i n g  i ns t rumen ta t i on  f o r  a commercial-s ized system. 

U t i  1 i z i n g  r e s u l t s  o f  base technology development w i t h  e x p e r i -  

mental systems a1 ready t e s t e d  i n  sma l l -sca le  f a c i l i t i e s ,  f u l l  

s ca le  l i c e n s a b l e  systems are  designed and t e s t e d  i n  a u t i l i t y  

power p l a n t  environment. Examples o f  these k i nds  o f  systems 

are: t he  sodi  um/water r e a c t i o n  pressure re1  i e f  system which 

r e l i e v e s  the  pressure i n  o rde r  t o  l i m i t  t he  adverse consequences 

o f  a steam generator  tube rup tu re ;  steam genera to r  redundant aux- 

i 1 i a r y  hea t  removal system t o  p e r m i t  sa fe  p l a n t  shutdown f o r  a1 1 

a n t i c i p a t e d  events;  v a r i a b l e  speed f u l l  s ca le  sodium pumps t o  



permi t  load- fo l low ing c a p a b i l i t y  on a  u t i l i t y  g r i d ;  and the  

f u e l  f a i l u r e  l o c a t i o n  c a p a b i l i t y  f o r  l a r g e  s i z e  reac to rs  i n -  

c lud ing  core  and b lanket  assemblies t o  minimize opera t iona l  

costs by reducing down time. 

3 .  Overa l l  p r o o f t e s t i n g  o f  components and system - One o f  the  

fea tures  o f  CRBRP t h a t  invo lves  new design concepts i s  the 

d iverse,  secondary c o n t r o l  r o d  system (SCRS) . This fea tu re  i s  

incorporated t o  assure the  r e l i a b i l i t y  o f  the  Shutdown System. 

An extensive qual i t a t i  ve and q u a n t i t a t i v e  re1  i a b i  1  i ty program 

i s  undertaken which inc ludes the  component and pro to type 

t e s t i n g  programs. 

4. Developing and app ly ing  codes, standards and qual i ty assurance 

procedures - By f o l l o w i n g  t h e  procedure o f  system design, con- 

s t r u c t i o n  and operat ion, the  codes and standards ( i n c l u d i n g  RDT 

standards) a r e  being app l i ed  t o  t h e  system and t o  the  i n d i v i d u a l  

components i n  an e f f e c t i v e  manner t h a t  r e s u l t s  i n  procedures 

acceptable t o  commercial p rac t i ce .  When a  code o r  standard i s  

n o t  ava i l ab le ,  one w i l l  be developed o r  an e x i s t i n g  code o r  

standard w i l l  be mod i f ied  such t h a t  an i n d u s t r i a l  base i s  

formed t o  pave the  road f o r  commercial p lan ts .  R e l i a b l e  

q u a l i t y  assurance procedures w i l l  a l so  be es tab l ished and demon- 

s t r a t e d  by the  successful  complet ion o f  t he  cons t ruc t i on  and 

achievement o f  the CRBRP ob jec t ives .  

1.3.2 EXTENSION OF CURRENT TECHNOLOGY 

To p r o j e c t  compet i t i ve  costs accura te ly  i n  a  l a r g e r  commercial u n i t ,  the 

CRBRP i s  designed t o  be as p r o t o t y p i c  as possib le.  Whi le the  components 

need n o t  be i d e n t i c a l ,  t he  design w i l l  enable e x t r a p o l a t i o n  over the  

requ i red  s i z e  range w i t h  a  h igh  degree o f  confidence. This  o b j e c t i v e  can 

be bes t  accomplished through i n - p l a n t  t e s t s ,  mod i f i ca t i ons  and analyses 



planned du r i ng  the  f i v e - y e a r  p e r i o d  subsequent t o  i n i t i a t i o n  o f  f u l l  

power opera t ions  o f  the  CRBRP. The f o l l o w i n g  phases o f  demonstrat ion 

w i l l  be c a r r i e d  ou t :  

P l a n t  e v a l u a t i o n  - The e v a l u a t i o n  o f  the CRBRP as an i n t e g r a t e d  

p l a n t  i s  the most conv inc ing  means o f  demonstrat ing the  

f e a s i b i l i t y  o f  commerc ia l i za t ion  t o  the i n d u s t r y .  I t  i s  there -  

f o r e  e s s e n t i a l  t h a t  power p roduc t ion  capabi 1  i t y  and s a t i s f a c t o r y  

o v e r a l l  p l a n t  e f f i c i e n c y  a re  es tab l i shed .  Furthermore, success- 

f u l  demonstrat ion w i  11 be made o f  l o a d - f o l  l ow ing  capabi 1  i t y  

under p r o t o t y p i  c  cond i t i ons  o f  f l ows ,  temperatures and pres-  

sures and a v a i l a b i l i t y  on b o t h  t h ree  and two l oop  opera t ions  

o f  the  -CRBRP. The p l a n t  e v a l u a t i o n  w i l l  a l s o  demonstrate how 

the  p l a n t  parameters vary  w i t h  d i f f e r e n t  power l e v e l s  and the  

agreement between the measured parameters and p reopera t iona l  

p r e d i c t i o n s .  

Reactor systems e v a l u a t i o n  - The o v e r a l l  r e a c t o r  performance 

w i l l  be compared w i t h  des ign va lues.  Th is  inc ludes  comparisons 

o f  t h e  nuc lear ,  mechanical and therma l -hydrau l i c  performance 

o f  t h e  r e a c t o r ,  c o n t r o l  r o d  and d r i v e  system and o t h e r  i n -  

r e a c t o r  components. For ins tance ,  performance o f  two d i f f e r e n t  

types o f  f u e l  assembly w i l l  p rov ide  a  means o f  assessing improve- 

ments i n  f u e l  performance and ope ra t i ng  cond i t i ons .  Reactor 

phys ics  parameters w i l l  a l s o  be evaluated by de te rmin ing  burn-  

up, f u e l  management and c o n t r o l  management. Pre -opera t iona l  

phys ics  t e s t s  w i l l  be made a t  t h e  s t a r t  o f  t h e  f i r s t  few burn- 

up cyc les  o f  t h e  CRBRP t o  eva lua te  t h e  c y c l e  performance as t h e  

e q u i l i b r i u m  c y c l e  i s  approached. Ove ra l l  mechanical and thermal -  

h y d r a u l i c  performance e v a l u a t i o n  w i l l  i n c l u d e  response t o  

r e a c t o r  t r a n s i e n t s  and v i b r a t i o n a l  behavior  where measurements 

w i l l  be compared w i t h  p r e d i c t i o n s  f rom a n a l y t i c a l  models. 

3. P l a n t  systems e v a l u a t i o n  - Performance o f  t h e  hea t  t r a n s p o r t  

system, f u e l  hand l ing  system, sodium s e r v i c e  system, c o n t r o l  



system, data handling system and instrumentation and pro- 
tec t ion system will  be evaluated. Of special i n t e r e s t  i s  

the evaluation of the performance of the heat transport  
system and steam generator systems under f u l l  and par t i a l  
load, s t a r t up  and shutdown conditions. The ava i l ab i l i t y  
of the  power plant  may depend on the  ava i l ab i l i t y  of the 
steam generator system fo r  which very l imited experience 
ex i s t s .  

4. Post-irradiat ion evaluation - Performance evaluation of CRBRP 

reactor components i r rad ia ted  under typi cal reactor operating 
conditions provide v i ta l  information f o r  verifying design 

analyses predictions,  improves confidence in  engineering design 
propert ies and fabrication methods and eliminates the  need for  
overly conservative safe ty  and uncertainty fac tors .  Tne post- 
i r rad ia t ion  examinations and performance analyses on selected 
components removed from the reactor during i n i  t i a l  operations 
will  provide a basis  f o r  more economic and e f f i c i en t  design 

of components f o r  commerci a1 LMFBR plants. 

1.3.3 DEVELOPMENT OF OPERATING DATA 

The operating data on the  environmental impact of the LMFBR wil l  be most 

effect ively  obtained through the  CRBRP.  Such data includes the  following: 

Instrumentation, control and protective systems evaluation - The 
effectiveness and operational charac te r i s t i cs  of the i nstrumen- 
ta t ion system, control system, data hand1 i ng system and protection 

system wil l  be determined d u r i n g  the operation of the CRBRP.  I t  

wil l  demonstrate: the capabi l i ty  t o  re l i ab ly  control LMFBR over 
the  load range w i t h i n  the specified temperature l imi t s ;  the  mini- 
mal impact of the  plant  protection system on the plant  capacity 

fac tor  while providing the  assurance of the  health and safe ty  of 
the  public; adequate display of information and placement of 
controls so t ha t  operational s t a f f  can be minimized to  correspond 



t o  t he  commercial p rac t i ce ;  and v a l i d a t i o n  o f  design and 

ana l ys i s  t o o l s  through v e r i f i c a t i o n  o f  monitored p l a n t  con- 

d i  t i o n s .  

2. Sa fe ty  opera t iona l  ana l ys i s  - The adequacy o f  techn ica l  s p e c i f i -  

ca t i ons  r e l a t e d  t o  t he  h e a l t h  and s a f e t y  o f  t he  p u b l i c  w i l l  be 

determined by the  ana l ys i s  o f  da ta  taken du r i ng  the  course o f  

opera t ion  and from t e s t s  performed under pos t  cons t ruc t i on  and 

approach-to-power experimental  programs. These may be i n  t he  

form o f  planned and unplanned t e s t s .  The sources o f  planned 

t e s t s  i nc lude  p r e - c r i  t i c a l  t e s t i n g  and operat ion,  i n i t i a l  core 

load ing  and low power t e s t s ,  approach-to-power and f u l l  power 

t e s t i n g .  Unplanned events which would p rov ide  a d d i t i o n a l  data 

r e f e r  t o  t he  p o s s i b i l i t y  o f  i nadve r ten t  scrams and power se t -  

backs, ma1 f u n c t i o n  o f  a  system o r  component and procedural  

e r ro rs .  
' 1  
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It i s  ev ident ,  there fo re ,  t h a t  t h e  CRBRP w i l l  demonstrate t h e  technology 

o f  design, f a b r i c a t i o n  and cons t ruc t i on  o f  components and systems, and 

prov ide  opera t ion  and performance eva lua t ions  needed f o r  commercial 

development o f  breeder reac to rs .  

1.3.4 DEMONSTRATION OF NUCLEAR PARAMETERS NECESSARY FOR COMMERCIAL 
DEVELOPMENT 

The CRBRP w i l l  demonstrate the  safety  and r e l i a b i l i t y  o f  opera t ing  

LMFBR's i n  an u t i l i t y  environment. I n  add i t i on ,  c e r t a i n  key nuc lear  

c h a r a c t e r i s t i c s  and capabi 1  i t i e s  p r o t o t y p i c  o f  1  arge-scale commerci a1 

p lan ts  w i  11 be v e r i f i e d .  These c h a r a c t e r i s t i c s  i nc lude  the  development 

o f  h igh  performance fuel  and b lanke t  assembly designs and the e s t a b l i s h -  

ment o f  vapid f u e l  hand l ing  and processing cyc les.  Advances i n  the design 

technology i n  the CRBRP w i l l  be d i c t a t e d  by economic (power generat ion 

cos ts )  as w e l l  as s a f e t y  and r e l i a b i l i t y  considerat ions.  The development - 

/ 
o f  h igh  performance f u e l s  and the  establ ishment  o f  r a p i d  f u e l  processing 

cyc les are necessary c a p a b i l i t i e s  i n  o rder  f o r  the f i s s i l e  f u e l  doubl ing 



t ime ( a  measure o f  t h e  r a t e  o f  inc rease  o f  a v a i l a b l e  f i s s i l e  m a t e r i a l )  

t o  be compat ible w i t h  the p r o j e c t e d  energy demand growth r a t e  and there -  

f o re ,  f o r  e f f i c i e n t  u t i l  i z a t i o n  o f  nonrenewable n a t u r a l  resources. 

The CRBRP w i l l  demonstrate t h a t  commercial-type breeding r a t i o s  ( t h a t  

i s ,  breeding r a t i o s  which w i l l  assure the p o t e n t i a l  f o r  economic success 

o f  t he  LMFBR) can be a t t a i n e d  i n  a  u t i l i t y  environment w i t h  u t i l i t y -  

grade p lu ton ium f u e l s  ( l i g h t  wa te r  r e a c t o r  d ischarge)  and w i t h  due con- 

s i d e r a t i o n  f o r  the  o v e r a l l  power and f u e l  c y c l e  cos ts .  The CRBRP w i l l  

be employed t o  develop h i g h  breeding, power d e n s i t y  and burnup perform- 

ance f u e l s  and i t  i s  a  v i t a l  1  i n k  i n  the r e s o l u t i o n  o f  t echn i ca l  uncer- 

t a i n t i e s  which w i l l  enable the  subsequent o p t i m i z a t i o n  o f  power genera t ion  

and f u e l  c y c l e  cos ts  f o r  l a r g e  sca le  commercial LMFBR's. A design goal  

o f  t he  CRBRP i s  t he  demonstrat ion o f  a  b reed ing  r a t i o  n o t  l e s s  than 1.2. 

Equi 1  i b r i  um f u e l  and b l a n k e t  assembly designs developed f o r  t h i s  purpose 

w i l l  be p r o t o t y p i c a l  o f  designs u t i l i z e d  i n  commercial sca le  LMFBR's t o  
\ 

o b t a i n  breeding r a t i o s  i n  excess o f  1.3. CRBRP operates a t  a  r e l a t i v e l y  ,' I 
h igh  power d e n s i t y  (peak l i n e a r  power o f  14.5 kW/ f t )  which i s  i n t e rmed ia te  

between e x i s t i n g  smal l  sca le  exper imenta l  f a c i l i t i e s  and l a r g e  sca le  com- 

m e r c i a l  LMFBR's. H igh-s t reng th ,  low-swel l  i ng ,  c l add ing  and s t r u c t u r a l  

a1 l o y  m a t e r i a l s  must be developed i n  o r d e r  t o  maximize t he  f u e l  p e l l e t  

volume f r a c t i o n  (and hence the  breeding r a t i o )  and t o  achieve t h e  h i g h  

peak burnup and f luence  c a p a b i l i t i e s  r e q u i r e d  t o  min imize f u e l  c y c l e  cos ts .  

The f u e l  se lec ted  f o r  the i n i t i a l  CRBRP core  i s  a  m ix tu re  o f  p lu ton ium 

and uranium ox ide .  Th i s  choice i s  based on the ex i s tence  o f  a  s t r ong  

i n d u s t r i a l  base o f  exper ience f o r  f a b r i c a t i o n  and reprocess ing  o f  

ox ide  f u e l  as w e l l  as a  good understanding o f  the  behav io r  o f  ox ide  f u e l  

under i r r a d i a t i o n .  The CRBRP w i l l  have t he  c a p a b i l i t y  o f  accommodating 

advanced f u e l s  -- such as carb ides  and n i t r i d e s  -- a1 though these 

w i l l  n o t  be used i n  t he  i n i t i a l  core because the  p resen t  s t a t e  o f  

technology i s  l e s s  advanced than t h a t  f o r  ox ide f u e l s .  



The AEC's program f o r  t h e  development o f  advanced f u e l s  i nc l udes  t h e  

development o f  ca rb ide  and n i t r i d e  f u e l s .  These f u e l s ,  by v i r t u e  o f  

t h e i r  h i ghe r  f i s s i l e  atom d e n s i t i e s  and s p e c i f i c  power c a p a b i l i t i e s ,  

o f f e r  t he  p o t e n t i a l  f o r  s h o r t e r  doub l i ng  t imes than ox ide  f u e l s .  Such 

s h o r t e r  doub l i ng  t imes a r e  d e s i r a b l e  f rom t h e  s tandpo in t  o f  i n c r e a s i n g  

t h e  N a t i o n ' s  f i s s i o n a b l e  f u e l  resources.  These advanced f u e l s  w i l l  be 

e x t e n s i v e l y  t e s t e d  i n  EBR-I1 and FFTF p r i o r  t o  any use i n  t h e  CRBRP. 

Th is  t e s t i n g  ( i n  EBR-I1 and FFTF) w i l l  c o n f i r m  t h e  necessary performance 

c h a r a c t e r i s t i c s ,  r e l i a b i l i t y  and economics o f  these advanced f u e l s .  

The r e a c t o r  c o r e  environment i n  CRBRP (neu t ron  f l u x  d e n s i t y  and spectrums, 

c o o l a n t  temperature cond i t i ons ,  e t c )  and t h e  planned ope ra t i ng  p h i  10s- 

phy a r e  p r o t o t y p i c a l  o f  l a r g e  s c a l e  commercial p l a n t s  so t h a t  t h e  r e q u i r e d  

a1 l o y  m a t e r i a l s  can be qua1 i f i e d  i n  t he  a p p r o p r i a t e  h i g h - f l  uence f a s t  

environment . 

i A s i g n i f i c a n t  design cons ide ra t i on  i n  s a t i s f y i n g  the economic o b j e c t i v e s  

o f  t he  LMFBR i s  t he  mass o f  f i s s i l e  m a t e r i a l  produced over  a  p e r i o d  o f  

t ime, o r  t he  r a t e  o f  f i s s i l e  mass ga in  which i s  r e l a t e d  t o  t h e  doub l ing  

t ime. The doub l ing  t ime i s  dependent on t he  b reed ing  ga in ,  t h e  f i s s i l e  

m a t e r i a l  investment  i n  the  r e a c t o r  core as w e l l  as t h a t  t i e d  up i n  

f a b r i c a t i o n  and reprocess ing  and t he  q u a n t i t a t i v e  f i s s i l e  m a t e r i a l  losses 

i n  f a b r i c a t i o n  and reprocess ing.  Rapid and e f f i c i e n t  f u e l  f a b r i c a t i o n  

and process ing serves t o  min imize t h e  r e q u i r e d  o u t - o f - r e a c t o r  f u e l  i n v e s t -  

ment and t he  m a t e r i a l  l osses  and hence t o  improve t h e  doub l ing  t ime.  The 

CRBRP w i l l  demonstrate the  technology r e q u i r e d  t o  develop Ex-Vessel Trans- 

f e r  Machines (EVTM) which a re  capable o f  r a p i d l y  and s a f e l y  hand l i ng  h i g h  

burnup d ischarge f u e l  and b l a n k e t  assemblies w i t h  decay powers t y p i c a l  

o f  1  arge sca le  LMFBR's. In-Vessel  and Ex-Vessel f u e l  s to rage  f a c i  1  i t i e s  

and sh ipp ing  con ta iners  capable o f  hand l i ng  and t r a n s p o r t i n g  these h igh  

burnup f u e l s  w i t h o u t  l eng thy  cooldown requirements w i l l  be developed and 

employed i n  t h e  CRBRP. The demonstrat ion r e a c t o r  w i l l  a l s o  s t i m u l a t e  t he  
\ commercial e s t a b l  ishment o f  bo th  reprocess ing and f u e l  f a b r i c a t i o n  tech- 
/ , 

no log ies  and f a c i l i t i e s  f o r  t he  l a r g e  sca le  e x t r a c t i o n s  o f  b red  p lu ton ium 



f rom h igh  burnup d ischarge LMFBR f u e l  and b lanke t  assemblies, and f o r  

commercial f a b r i c a t i o n  o f  mixed ox ide  f u e l s  c o n t a i n i n g  ( r a d i o a c t i v e )  

u t i l i  ty -grade p lu ton ium.  The CRBRP, w i t h  a l i n e a r  power r a t i n g  o f  

14.5 kW/ft, an e q u i l i b r i u m  breed ing  r a t i o  o f  1.2 and an assumed one per-  

cen t  f i s s i l e  mass l o s s  i n  f a b r i c a t i o n  and reprocess ing  has a compound 

system doub l ing  t ime o f  approx imate ly  30 years .  With reasonable a n t i c i -  

pa ted  advances i n  f u e l  design technology and r a p i d  and e f f i c i e n t  f u e l  

processing, demonstrated i n  CRBRP, t h e  doub l ing  t ime i n  commercial sca le  

LMFBR's w i l l  be on t h e  same o r d e r  as the  p r o j e c t e d  energy-demand growth 

r a t e  ( 1  ess than 10 years  ) . 

1.3.5 DEMONSTRATION OF THE MINIMAL IMPACT ON THE ENVIRONMENT FROM 
DISPOSAL OF RADIOACTIVE WASTE MATERIALS 

As i s  t y p i c a l  o f  a l l  nuc lea r  power p l a n t s ,  the CRBRP p l a n t  w i l l  produce 

smal l  amounts o f  gaseous, 1 i q u i d  and so l  i d  r a d i o a c t i v e  waste m a t e r i a l s .  

These wastes, w i t h  a few except ions,  w i l l  be s i m i l a r  t o  those assoc ia ted  

w i t h  1 i g h t  wa te r  nuc lea r  p l a n t s .  Because o f  t h i s  s i m i l a r i t y  and CRBRP 

des ign bas is ,  t he  CRBRP i s  expected t o  have a minimum impact  on t h e  

env i  ronment r e s u l  t i n g  from r a d i o a c t i  ve waste d i sposa l .  The technology 

u t i l i z e d  i n  waste d isposa l  i s  t h a t  which i s  c u r r e n t l y  be ing  r o u t i n e l y  

used f o r  l i g h t  wa te r  p l a n t s .  Those types of opera t ions  which a re  unique 

t o  t h e  CRBRP r e q u i r e  no a d d i t i o n a l  development beyond t h a t  which has been 

c a r r i e d  o u t  f o r  the FFTF. 

Some unique b e n e f i t s  r e s u l t  f rom the  i n h e r e n t  n a t u r e  o f  a sodium-cooled 

r e a c t o r  i n  the  process ing and d i spos ing  of gaseous wastes. Some o f  t h e  

gaseous o r  v o l a t i l e  f i s s i o n  products  such as tri ti um and i o d i n e  a re  t o  

a l a r g e  e x t e n t  captured and r e t a i n e d  i n  the  c o o l a n t  through chemical 

i n t e r a c t i o n  w i t h  t h e  l i q u i d  sodium. Those which a re  n o t  r e t a i n e d  by t h e  

sodium w i l l  be c o l l e c t e d  i n  the  cover gas and subsequent ly removed by t h e  

r a d i  o a c t i  ve gas removal sys terns, which are designed t o  remove v i  r t u a l  l y  

a l l  f i s s i o n  products  f rom the  var ious  i n e r t i n g  and cover gases. 



Low l e v e l  and in te rmed ia te  l e v e l  l i q u i d  wastes w i l l  r e s u l t  from cleaning, 

decontamination and l abo ra to ry  operat ions. These are  removed convention- 

a l l y  from the  l i q u i d  e f f l u e n t  by f i l t r a t i o n ,  evaporat ion and ion-exchange 

methods. The r e s u l t i n g  concentrates conta in ing  the  rad ionuc l ides  w i l l  be 

s o l i d i f i e d  and s to red  as s o l i d  wastes. 

Sol i d  wastes w i l l  cons i s t  o f  the normal ly  expected compactables ( p l a s t i c  

bags, f o o t  covers, towels, p r o t e c t i v e  c l o t h i n g ) ,  s o l i d i f i e d  l i q u i d  rad- 

waste and contaminated t o o l s  and hardware. These w i l l  be compacted and 

packaged f o r  b u r i a l  and d isposal .  Techniques f o r  processing wastes con- 

t a i n i n g  sodium o r  sodium contamination are p a r t  o f  i nves t i ga t i ons  c a r r i e d  

ou t  f o r  the FFTF. These techniques and o the r  procedures u t i l i z e d  by the  

FFTF w i l l  be app l i ed  f o r  s i m i l a r  wastes generated by the demonstration 

p l a n t .  

The CRBRP and FFTF w i l l  demonstrate f o r  f u t u r e  commercial p lan ts  the  

c a p a b i l i t y  t o  handle, process and dispose o f  sodium contaminated wastes 

w i t h  minimum impact on the  environment. 

1.3.6 DEMONSTRATION OF EQUIPMENT ON A LARGE SCALE 

Future commercial LMFBR's are  a n t i c i p a t e d  t o  operate i n  t he  range o f  

1,000 MWe (approximately 2,500 MWt) t o  make them economical ly compet i t ive 

w i t h  e x i s t i n g  f o s s i l  and l i g h t  water r e a c t o r  power p lan ts .  App l i ca t i on  

o f  e x i s t i n g  LMFBR opera t iona l  and design experience t o  a p l a n t  o f  t h i s  

s i z e  would r e q u i r e  considerable e x t r a p o l a t i o n  o f  present  design tech- 

nology and engineering and capi t a l  cos t  increases. 

Carefu l  cons idera t ion  was given by the  AEC i n  a r r i v i n g  a t  t he  CRBRP s ize .  

A design power o f  300-500 MWe was se lec ted  p r i n c i p a l l y  based on the  

a b i l i t y  t o  success fu l l y  a t t a i n  the  demonstration p l a n t  ob jec t i ves  w h i l e  

accommodating the  techn ica l  and economic r i s k s  associated w i t h  a t t a i n i n g  

those ob jec t ives .  I n  general, t he  p l a n t  must be small enough t o  permi t  



p r a c t i c a l  and con f i den t  ex t rapo la t i on  o f  components and equipment w i t h  

a  reasonable f i n a n c i a l  investment, y e t  be l a r g e  enough t o  t e s t  performance 

o f  1  arge systems p r o t o t y p i  c  o f  f u t u r e  1  arge scal e  commerci a1 LMFBR' s. 

Construct ion o f  a  p l a n t  smal ler  than 300-500 MWe was considered n o t  advan- 

tageous s ince i t  would be i n  e f f e c t  s i m i l a r  i n  many aspects t o  the  FFTF 

(300 MWt) p resen t l y  under cons t ruc t ion .  Design experience and opt imiza-  

t i o n  w i t h  respect  t o  e x t r a p o l a t i o n  t o  a  l a r g e r  commercial p l a n t  would n o t  

be r e a l i z e d  and a  300-500 MWe p l a n t  would s t i l l  have t o  be b u i l t  t o  meet 

t h e  program ob jec t ives .  

The a1 t e r n a t i v e  approach of  going d i r e c t l y  from FFTF t o  a  commercial s i ze  

(1,000-1,500 MWe) LMFBR would r e q u i r e  a  subs tan t i a l  increase i n  research 

and development e f f o r t s  w i t h  associated c o s t  increases and the probabi 1 - 
i ty o f  successful  operat ion would be decreased. 

The present  p l a n t  s i z e  o f  975 MWt was a r r i v e d  a t  a f t e r  extensive studies 

were c a r r i e d  ou t  by both the  AEC and the reac to r  manufacturers. O f  

major cons idera t ion '  was thi present  capabi 1  i ty  o f  the reac to r  designers 

and component vendors t o  c o n f i d e n t l y  design and cons t ruc t  components 

t h a t  meet the h igher  than normal standards f o r  reac to r  design and y e t  

keep design , development and manufactur ing costs from being p r o h i b i t i v e .  

I n t e g r a l  t o  the  cons t ra in t s  o f  vendor capabi 1  i t i e s  f o r  component develop- 

ment i s  t he  add i t i ona l  c o n s t r a i n t  o f  t ime necessary f o r  development o f  a  

LMFBR indus t r y .  There are  p resen t l y  a  l i m i t e d  number o f  vendors t h a t  

have the  engineer ing expe r t i se  t o  develop and design LMFBR components 

and/or the  f a c i l i t i e s  necessary t o  f a b r i c a t e  and cons t ruc t  LMFBR com- 

ponents. While considerable experience was gained i n  the  design o f  the  

FFTF, i t  was n o t  s u f f i c i e n t  f o r  vendors t o  b e l i e v e  they could c o n f i d e n t l y  

ex t rapo l  a te  designs t o  commercial scales. Furthermore, present  manu- 

f a c t u r i n g  c a p a b i l i t i e s  cannot produce components o f  the  s i z e  requ i red  f o r  

a  commercial p l a n t .  For example, t he  diameter o f  the  IHX ( in te rmed ia te  

heat  exchanger) tubesheet fo rg ing  which i s  p resen t l y  commercially a v a i l a b l e  



i s  l ess  than 10 f e e t .  The present  CRBRP tubesheet f o r g i n g  i s  86 inches. 

Thus, i nc reas ing  the  I H X  s i z e  necessary f o r  commercial p l a n t s  would 

r e q u i r e  the  tubesheet diameter t o  increase and thus the  f o r g i n g  c a p a b i l i t y  

t o  a l so  be increased, a l so  w i t h  a t tendant  problems. 

S i m i l a r  problems p resen t l y  e x i s t  f o r  the main sodium pumps regard ing 

bear ing  and seal design, as w e l l  as r o t o r  dynamics and i m p e l l e r  stresses. 

I t  should be po in ted  o u t  however, t h a t  the  p l a n t  i s  p r o t o t y p i c  o f  f u t u r e  

commercial p l an ts  i n  t h a t  i t  wi 11 demonstrate e s s e n t i a l l y  a1 1 o f  t h e  

p r i n c i p a l  r e a c t o r  p l a n t  system concepts and f u n c t i o n a l  design fea tures .  

Th is  i n c l  udes operat ion,  performance, arrangement and mainta inabi  1 i ty. 

I n  Table 1.3-1, t he  p r o t o t y p i c a l i t y  o f  demonstration p l a n t  systems and 

components t o  commercial p l a n t s  i s  g iven and i n  Table 1.3-2, a p r i n c i p a l  

design parameters comparison between the demonstration p l a n t  and a 

t y p i c a l  commerci a1 p l a n t  i s  given. 

This  phased increase i n  power r a t i n g s  approach i s  s i m i l a r  t o  t h a t  approach 

used i n  LWR's. ) By p rov id ing  a more s o l i d  techno log ica l  and experienced 

base, increased conf idence i n  achiev ing re1 i a b l e  opera t ion  Can be r e a l  i z e d  

on a s h o r t e r  t ime sca le  and a lower  cost .  Wi thout  t h e  b e n e f i t  o f  t he  

CRBRPy the  p r o b a b i l i t y  o f  n o t  meeting the program goal o f  demonstrat ing 

r e l i a b l e  and sa fe  opera t ion  of  the  LMFBR i n  a u t i l i t y  environment i n  t h e  

e a r l y  1980's w i l l  be g r e a t l y  increased. 

1.3.7 UTILITY AND VENDOR PARTICIPATION I N  THE LMFBR PROGRAM 

As p a r t  of the  o v e r a l l  LMFBR program, the CRBRP demonstration p l a n t  

p r o j e c t  i s  t he  f i r s t  p o i n t  a t  which u t i l i t y  companies become deeply 

i nvo l ved  i n  the  LMFBR concept. Seven hundred e l e c t r i c  systems have 

pledged funds t o  the  P r o j e c t  and have formed the Breeder Reactor Corpor- 

a t i o n  (BRC). BRC i s  the  coo rd ina t i ng  p o i n t  f o r  f i n a n c i a l  and o t h e r  

p a r t i c i p a t i o n  i n  the  P r o j e c t  by the  Na t i on ' s  e l e c t r i c  u t i l i t i e s  and i s  



t h e  P r o j e c t ' s  p r i n c i p a l  l i a s o n  w i t h  t he  u t i l i t i e s .  The u t i l i t i e s  i nvo l ved  

i n  t he  P r o j e c t  eva lua te  t he  technology i n  terms o f  t h e i r  needs and methods 

o f  opera t ion  thereby f a c t o r i n g  u t i l i t y  requirements i n t o  the  P r o j e c t .  A t  

t h e  same t ime, t h e  u t i l i t i e s  w i l l  develop the  c a p a b i l i t y  t o  o b t a i n  and 

operate power p l a n t s  o f  the LMFBR type. 

Th i s  p r o j e c t  a l s o  c o n s t i t u t e s  a  s tep  inc rease  i n  t h e  invo lvement  o f  indus-  

t r i a l  s u p p l i e r s .  There i s  a  commercial over tone t o  the  r e l a t i o n s h i p  

s ince  i t  i s  expected t h a t  the  u t i l i t i e s  w i l l  make f u t u r e  purchases f rom 

t h e  vendors. A t  t h i s  p o i n t  the  development o f  t he  i n d u s t r i a l  base 

broadens. I t  i s  in tended t h a t  t he  i n d u s t r i a l  base w i l l  develop enough 

b read th  so t h a t  u t i l i t y  purchasers w i l l ,  i n  t h e  f u t u r e ,  have a  s e l e c t i o n  

o f  vendors and r e l i a b l e  components f rom which t o  choose. 



TABLE 1.3-1 

PROTOTYPICALITY O F  CRBRP SYSTEMS AND 

COMPONENTS FOR COMMERCIAL PLANT APPLICATION 

I .  Principal system and plant  design features t h a t  are d i rec t ly  pro- 
totypi c ,  based on current design and development programs: 

Reactor system desi gn 

Reactor refueling system concept 

Heat transport  system design and configuration 

Basi c loop pi ping arrangement with mult iple,  separated 
1 oops i n  individual ly i nerted ce l l s  

Hydraulic profi l e  employing elevated pi ping and guard 
vessel concept 

Natural ci rculation capab i l i t i e s  

Steam generator system desi gn 

Sodi um-water reaction detection,  location,  migration and 
protection 

Plant arrangements t o  f a c i l i t a t e  maintenance 

Containment concept and design 

Sodium and i ne r t  gas processing systems and components 

Overall plant  control system 

Plant protection system 

Instrumentation and control systems and components 

Auxi 1 i ary cooling and servi  ce sys tems and components 

11. Principal plant analysi s techniques, standards and design practices 
t ha t  are di rect ly  appli cable : 

Hi gh temperature s t ruc tura l  analysis c r i t e r i a  and techniques 

Sei smi c desi gn c r i  t e r i  a and analys i s techni ques 
(Continued) 



TABLE 1.3-1 (Continued) 

P lan t  duty cyc le  development and thermal t r a n s i e n t s  d e f i -  
n i  t i o n ,  ana lys is  and m i  t i  gat ion  techniques 

Basic ma te r i a l s  s e l e c t i o n  and phys ica l  p rope r t i es  

Mater i  a1 and process standards 

Sodium component and p i  p i n g  f a b r i  ca t i on  p r a c t i  ces , techniques 
and standards 

Design codes and standards 

Q u a l i t y  assurance standards and p r a c t i  ces 

P lan t  opera t ing  procedures and maintenance procedures 

Safety  eva lua t i on  and ana lys is  c r i t e r i a  and techniques 



TABLE 1.3-2 

Desi gn Parameter 

Reactor Thermal Power, MWt  

Net Power Output,  MWe 

Cycle E f f i c i e n c y ,  % 

PRINCIPAL DESIGN PARAMETER COMPARISON 

CRBRP AND LMFBR COMMERCIAL PLANT 

Pr imary Hot Leg Operat ing 
-I 

~3 Temperature , O F 
1 
A 

4 A Temp. , Pr imary System, OF 

Pr imary Flow, p e r  loop ,  GPM 

Pr imary Pump Head, ft 

Pr imary Pump Loca t ion  

Pr imary Pipe Size, i n .  

Steam Pressure, a t  t u r b i n e ,  p s i  g 

Steam Temp. , a t  t u r b i n e ,  F 

Feedwater Temperature, O F 

CRB RP 
( 3  Loops) 

265 

33,500 

450 

Hot  Leg 

24 Cold Leg 

38 Hot  Leg 

Typ i  c a l  Commerci a1 Pl  a n t  
( 3  Loops) ( 4  Loops) 

< 275 - < 275 - 
95 ,OOO* 72 ,OOO* 

450 450 

Hot  o r  Cold Leg 

45* 36 * 
40-56* 36-50" 

(Cont inued) 



Design Parameter 

Steam Generator Type and No. 
of Evaporator and Super- 
heater  Modules/Loop 

Reheater Provision 

Containment Type 

Dia., f t .  

TABLE 1.3-2 (Continued) 

CRB RP 
( 3  Loops) 

< 3 ,  Forced - 
Reci rculat ing 

TY Pe 
None 

Steel  Cylinder 

Typi cal Commerci a1 Plant 
( 3  Loops) ( 4  Loops) 

1 o r  multiple number 
Recirculating o r  once 

through type 

Reheat probable 

Steel  cylinder or  
s tee l - l ined  concrete, 
o r  confinement concept 
% 225 

*Based on 1000 MWe s i ze  



UNITED 
STATES 

EBR-1 1.2 MWt I 
LAMPRE 1 MWT ------- 
FBR-11 62.5 MWt ------- - 

FERMl 66 MWe - - -  
I I I SEFOR 20 MWt 

------- 
>300 MWe DEMO PLANT C- - - - - - - 

BR-I" 

USSR 

(3 BR-2 ------- 
1 BR-5 5 MWt - ------ 

I - 6 0  60 MWt 

BN-350 150 MWe 1 - - -, - - - ---- -- 
BN-600 600 MWe L - - - - - - 

------ 
DOUNREAY 14 MWe ---- - 

1 PFR 250 MWe -------- ------- 
CFR 1300MWe r -------- 

I I ------ -- -- 
KNK 20 MWe C - - - - - - - - - - 

FRANCE 

GERMANY & I BENELUX I 
COUNTRl ES 

----- I-E 40 MWL ---- 
L - . x . l -  PHENIX 250 MWe - - - 

Li:OoMWe-- ------ 

JAPAN 

ITALY 

--------- CJEFR loo  M W ~  ----- --- 

L----- 

------ 
PEC 140 MWt 

------- 
[JPER 300 MWe --  

\ 
*THE DESIGNATIONS BR-1, BR-2 AND BR-5 REFER TO THE SAME FACILITY 

MODIFIED TO OPERATE AT SUCCESSIVELY HIGHER POWER LEVELS 

F igure  1.3-1 LMFBRs - U. S. AND WORLD-WIDE 



1.4 IMPORTANCE OF TIMING AND CONSEQUENCES OF DELAY 

The date o f  i n t r o d u c t i o n  o f  the L i q u i d  Metal  Fast  Breeder Reactor (LMFBR) 

i n t o  the  economy has a s i g n i f i c a n t  e f f e c t  i f  f u t u r e  energy requirements 

are t o  be met and energy costs  remain reasonable. 

Present program goals c a l l  f o r  an i n t r o d u c t i o n  date o f  1987 f o r  the  

commercial breeder. The b e n e f i t s  accrued, as measured by t h i s  date, are 

most s e n s i t i v e  t o  u ran i  um resource a v a i l a b i l i t y .  As s t a t e d  i n  WASH-1535, 

"The pena l t y  f o r  de lay ing  the  breeder w i t h  an o p t i m i s t i c  uranium p r i c e  

p r o j e c t i o n  i s  about $.75 b i l l i o n  per  yea r  and about $3.4 b i l l i o n  per  

year  f o r  . the 1 m  uran i  um avai 1 abi  1 i ty p r o j e c t i o n .  " I n  general , every 

yea r  o f  de lay beyond 1987 w i l l  c o s t  t he  Nat ion  about $1.25 b i l l i o n  per  

yea r  i n  h ighe r  costs  o f  e l e c t r i c  power. 

1.4.1 URANIUM RESOURCE UTILIZATION INTRODUCTION DATE 

As s t a t e d  prev ious ly ,  present  p ro jec ted  demands f o r  u ran i  um t o  f u e l  

L i g h t  Water Reactors (LWR' s)  and High Temperature Gas Reactors (HTGR' s)  

i n d i c a t e  dep le t i on  o f  low cos t  reserves w i t h i n  the nex t  25 t o  50 years. 

Heavier r e l i a n c e  on e x t r a c t i o n  from low grade ores and r e c o v e r a b i l i t y  

as a by-product from phosphate deposi ts  i s  expected t o  increase the  c o s t  

o f  r e f i n e d  U308 from $3.00 pe r  pound t o  approximately $100 per  pound by 

the  year  2020. I n  F igure  1.4-1, a comparison o f  cumulat ive U308 usage 

i s  made f o r  vary ing  LMFBR i n t r o d u c t i o n  dates w i t h  the  l i m i t  be ing no 

i n t r o d u c t i o n  a t  a1 1 . 

Besides the  environmental advantages o f  decreased uranium ore requirements, 

i n t r o d u c t i o n  o f  the commercial LMFBR by 1987 w i l l  reduce the  c o s t  o f  U308 

t o  approximately $24 pe r  pound by 2020, as compared t o  approximately 

$44 per  pound i f  the  i n t r o d u c t i o n  date i s  delayed u n t i l  1991. Th is  i s  

shown i n  F igu re  1.4-2. 



The o v e r a l l  impact o f  t he  commercial LMFBR i n t r o d u c t i o n  date on uranium 

resource u t i l i z a t i o n  i s  t h a t  u ran i  um o re  requirements (mining) and uranium 

ore costs  are s i g n i f i c a n t l y  reduced (and as a  consequence w i  11 reduce 

e l e c t r i c a l  energy cos t  increases ) by i n t r o d u c i n g  t h e  commerci a1 breeder 

r e a c t o r  as e a r l y  as poss ib le .  As p rev ious l y  ind ica ted ,  t h e  CRBRP i s  an 

essen t i a l  s tep  toward development o f  1  arge sca le  commercial LMFBR1s. 

Thus, i n t r o d u c t i o n  o f  t h e  CRBRP must proceed on a  r i g i d  t ime sca le  i f  the  

maximum b e n e f i t s  o f  e a r l y  commercial i n t r o d u c t i o n  a re  t o  be rea l i zed .  

1  .4.2 SEPARATIVE WORK 

The i nc reas ing  U308 ore  requirements requ i red  t o  f u e l  a  LWR and HTGR 

i n d u s t r y  w i  11 be accompanied by correspondingly  i nc reas ing  separa t ive  

work requ i  remen t s  . 

As shown i n  F igure 1.4-3, de lay ing  t h e  i n t r o d u c t i o n  o f  t h e  commercial 

breeder by f o u r  years t o  1991 increases the  maximum demand from about 

105 m i l l i o n  separa t ion  work u n i t s  (SWU1s) t o  about 119 m i l l i o n  SWU1s, 

delays t h e  yea r  o f  maximum demand f o u r  years and increases t h e  cos t  o f  t he  

maximum annual separa t ive  work (based on $36/SWU) by about $0.5 b i  1  l i o n .  

1.4.3 ENVIRONMENTAL IMPACTS ASSOCIATED WITH DELAY 

I f  t h e  i n t r o d u c t i o n  date o f  t h e  breeder r e a c t o r  i s  delayed, generat ing 

capac i ty  scheduled t o  be supp l ied  by t h e  LMFBR must be met w i t h  o t h e r  

energy producing systems, such as LWR1s o r  f o s s i l - f u e l  power p lan ts .  As 

such, more adverse envi  ronmental impacts associated w i t h  these means o f  

energy produc t ion  as compared t o  t h e  LMFBR (see Sect ion 1.2.1.3) must 

be accepted t o  meet t he  energy demand. 

Meeting the  needed generat ing capac i ty  w i t h  a d d i t i o n a l  LWR1s wi 11 increase 

uranium ore  requirements and l and  use requirements f o r  mining, as w e l l  as 

i nc reas ing  t h e  dep le t i on  r a t e  o f  t he  known uranium resources. Furthermore, 



meeting the demand with LWR1s will increase the total  thermal energy 
discharged to  water bodies ( r ivers ,  lakes, e t c . )  to  a greater extent 
than i f  the demand were met w i t h  LMFBR1s or fossil-fuel power plants. 

The use of fossil-fuel plants to  meet the required generating capacity 
will increase use of coal or o i l  supplies. The use of coal leads to  
undesirable stack emissions and additional costs would be incurred to  
develop and construct the necessary equipment t o  reduce these emissions. 

Also, increased coal demand would commit more land for mining purposes 
and risks associated with coal mining would subsequently increase. 

The low reserves and increasing costs of o i l ,  along w i t h  the risks 
associated w i t h  i t s  re l iable  supply, as evidenced by the recent o i l  
embargo, do not make oil-fuel power plants a desirable replacement 
for  delayed LMFBR generating capacity. This would increase the o i l  
demand which i n  t u r n  would increase exploration ef for t s ,  such as off-  
shore dr i l l ing  ( w i t h  i t s  associated r i sks)  or require more costly means 
of extraction from the environment (shale o i l  with associated large land 
commitments) . 

In summary, by delaying the demonstration plant, which i n  t u r n ,  delays 
the introduction of commercial breeder reactors, the environment will 
be impacted adversely to  a greater extent than i f  the breeder were not 
delayed. Timely introduction of the breeder will decrease the thermal 
discharges to  bodies of water and minimize land use requirements for 
the extraction of fuel from the environment. 
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1.5 SUMMARY 

The timely introduction and successful operation of the Clinch River 
Breeder Reactor Plant ( C R B R P )  will establish the viabi l i ty  of the Liquid 

Metal Fast Breeder Reactor (LMFBR) as a rel iable ,  safe and environmentally 

acceptable source of e lectr ical  energy. I t  will also provide a major 

contribution to  the technical knowledge that  i s  necessary to  establish 

a commercial LMFBR industry. Because of the breeding nature of th i s  

reactor, more ef f ic ien t  use of the energy available from uranium will 

greatly reduce uranium mining and separative work requirements, as well 
as help conserve other non-renewable energy resources. 

The benefits which accrue to  the Nation from the LMFBR are  both signif-  

icant and strongly time dependent since the CRBRP i s  the essential link 

in the change of events leading to  a commercial LMFBR economy. The maxi- 

mum benefits can only accrue i f  the CRBRP i s  completed as rapidly as 
possible. 



2.1 SITE LOCATION AND LAYOUT 

The Clinch River S i t e  i s  located in ea s t  central  Tennessee in the  eastern 

par t  of Roane County as shown in Figure 2.1-1. Knoxville, Tennessee, i s  

located approximately 25 miles ea s t  of the S i t e .  Ci t ies  located within 

a 10-mile radius of the S i te  are Lenoir City, about 8.5 miles south- 

eas t ;  Kingston, 7 miles west; Harriman, 9.5 miles west-northwest; and 

Oak Ridge, 9 miles northeast.  Although the  S i t e  i s  technically within 

the c i t y  l imi t s  of Oak Ridge, i t  i s  located in the southwestern section 

on undeveloped property which i s  owned by the U.S. Government and i s  in 

the  custody of the  Tennessee Val ley Authority (TVA). Location of the 

S i t e  with respect t o  i t s  proximity t o  urban centers,  rai lroads and high- 

ways w i t h i n  a 10-mile radius i s  shown i n  Figure 2.1-2. 

The S i t e  i s  located on a peninsula formed by a meander of the Clinch 

' 1  River between r i ve r  miles 14.5 and 18.6. I t  i s  bounded on t he  north 
, by AEC's Oak Ridge Reservation. Of the  1,364 acres within t he  S i t e  

boundaries , approximately 100 acres (7%)  w i  11 be required fo r  the Cl inch 

River Breeder Reactor Plant (CRBRP) and re la ted f a c i l i t i e s  such as roads, 

rai  1 roads and transmission 1 ine corridors.  The Reactor Containment 

Building and i t s  auxil iary  buildings wi l l  occupy about four acres.  Est i -  

mates of the amount of acreage required fo r  various construction ac t i v i -  

t i e s  are given in Section 4.1. 

A portion of the  S i t e  t o  the north of the  plant ,  between Bear Creek 

Road and Grassy Creek, has been s e t  aside f o r  industr ia l  development and 

i s  called the  Cl inch River Consol idated Industri a1 Park (CRCIP) . Approx- 

imately 112 acres wi l l  be occupied by the  CRCIP and the  remaining acreage 

wi l l  be available t o  TVA fo r  future u t i l i z a t i on .  Figure 2.1-3 shows the 

p l an t ' s  f a c i l i t i e s  in re la t ion  t o  the  S i t e  and t he  CRCIP. 

Coordinates of the center of the containment location fo r  the CRBRP are 

given below i n  both l a t i tude  and longitude and Universal Transverse 
,' 



Mercator (UTM) coordinates. La t i t ude  and long i tude are given t o  the 

nearest second and UTM coordinates are given t o  the  nearest  100 meters. 

(Coordinates used on f i g u r e s  i n  t h i s  r e p o r t  a re  U.S.G.S. mapping 

coordinates. ) 

La t i t ude  and Longitude UTM Coordinates 

35' 53'24"N x 84' 22'57"W 3974709N x 736262E 

A s e c u r i t y  b a r r i e r  -- fence -- shown i n  F igure 2.1-4, w i l l  enclose the  

b u i  ld ings ,  systems and a u x i l i a r y  f a c i l i t i e s  essen t i a l  f o r  sa fe  operat ion 

o f  the p lan t .  A p a t r o l  road w i l l  para1 l e l  t he  i n s i d e  o f  t h e  s e c u r i t y  

b a r r i e r  and w i l l  p rov ide  a c lear ,  unobstructed view both i n s i d e  and out-  

s i de  t h e  fence. Minimum exc lus ion  area d is tance i s  2,200 f e e t  from the  

center  o f  the  Reactor Containment Bui 1 ding. The exc lus ion  area inc ludes 

t h e  S i t e  (except f o r  t he  i n d u s t r i a l  park)  and t t ie r i v e r  adjacent t o  the 

S i t e ,  as shown i n  F igure 2.1-3. Contro l  w i t h i n  the exc lus ion  area, ex- 

c lud ing  t h e  waterway, w i  11 be by t h e  app l icant .  Control  o f  t he  waterway 

w i l l  be coordinated w i t h  the  appropr iate agencies and the  r i v e r  bank 

w i l l  be marked and posted t o  prevent any p r i v a t e  o r  commercial use o f  

t h i s  area. 

Grade f o r  the  main p l a n t  s t ruc tu res  has been es tab l ished a t  815 f e e t  

above mean sea 1 eve1 (MSL) , p lac ing  i t  74 f e e t  above the  mean C l  inch  

R iver  water  l e v e l  o f  741 MSL. Figure 2.1-4 shows t h e  arrangement -o f  

t he  p l  ant s t ruc tu res .  S t ruc tures  marked w i t h  an a s t e r i s k  are designated 

as sa fe ty  r e l a t e d  o r  Category I st ruc tu res .  A one-story T ra in ing  Center 

Bu i l d ing ,  which w i l l  con ta in  o f f i c e  f a c i l i t i e s  and an auditor ium, w i l l  

be loca ted outs ide  the  s e c u r i t y  b a r r i e r  approximately 100 f e e t  northwest 

o f  the Gatehouse along the  access road as shown i n  F igure 2.1-4. 

Road access t o  t h e  p l a n t  w i l l  be a1 ong the  e x i s t i n g  River  Road from the  

northwest boundary, as shown i n  Figure 2.1-3. At  t h e  eastern boundary 

o f  t h e  S i t e ,  R iver  Road w i l l  be bar r icaded and locked, t o  be opened on l y  



in case of emergency. Rai 1 road access t o  the Si te  wi 11 be provided from 

the AEC's existing f a c i l i t i e s  a t  the Oak Ridge Gaseous Diffusion Plant 

to the north of the Si te  and wi 11 run parallel t o  the S i te  access road. 

Steep 1 imestone ridges, hi 11 s and knobs are characteristic features of 

the region. In the Si te  area, Chestnut Ridge i s  dominant, cresting a t  

about elevation 1,100 feet .  A floodplain borders the western side and 

the southern t i p  of the peninsula, b u t  i s  essentially absent from the 

eastern border. There are no perennial streams a t  the Si te ;  flow along 

valleys and gullies occurs only a f t e r  periods of heavy rainfal l .  

Figure 2.1-5 i s  a topographical map of the region; an aeri a1 view i s  

presented in Figure 2.1-6. 

Within a two-mile radius o f .  the S i te ,  the area consists primarily of 

woodland; however, small farms and residences are scattered throughout 

the area south of the Clinch River. Figure 2.1-7 shows the farms, 

dwellings , industries and wooded areas within a two-mi l e  radius of the 

Si te .  
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Figure 2.1-5 TOPOGRAPHY OF THE CRBRP S I T E  



Figure 2.1-6 AERIAL VIEW OF CLINCH RIVER S ITE 
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2.2 REGIONAL DEMOGRAPHY LAND AND WATER USE 

2.2.1 REGIONAL DEMOGRAPHY 

Locat ion and s i z e  o f  urban centers (popu la t ion  above 2,500) w i t h i n  a 

50-mile rad ius  o f  t he  p l a n t  s i t e  a r e  shown i n  Table 2.2-1. There a re  

o n l y  21 such urban centers and two o f  these, Knoxvi 1 l e  (1970 popu la t ion  

o f  174,587) and Oak Ridge (1970 popu la t ion  o f  28,319), have populat ions 

exceeding 25,000. Twenty-seven urban centers w i t h  a 1970 popu la t ion  

l e s s  than 2,500 w i t h i n  the  50-mile rad ius  a r e  l i s t e d  i n  Table 2.2-2. 

The approximate center  o f  t he  pen insu lar  p o r t i o n  o f  t h e  S i t e  was used 

fo r  demographic ana lys is ,  as shown i n  F igure  2.2-1. 

Fur ther  d iscussion o f  the  1970 popu la t ion  d i s t r i b u t i o n ( '  ) and d e t a i l e d  

breakdowns of t h e  popu la t ion  i n t o  rad ia l -az imutha l  sectors w i t h i n  t h e  

50-mile rad ius  fo l l ows .  A p r o j e c t i o n  o f  t h i s  popu la t i on  d i s t r i b u t i o n  t o  

the  end o f  the  expected 30-year opera t ing  l i f e  o f  t he  p l a n t  i s  provided 

and an assessment o f  t he  magnitude o f  t he  t r a n s i e n t  popu la t ion  i s  pre- 

sented. Pro jec ted  popu la t ion  f i g u r e s  used f o r  t h e  demographic ana lys i s  

were base1 i n e  values pub1 ished by the  Tennessee Val l e y  Author i ty ,  D i v i s i o n  

o f  Nav iga t ion  Development and Regional Studies, Economic Research S t a f f  

i n  October 1972. (2)  To make these va l  ues cons i s ten t  w i t h  na t i ona l  , 
reg iona l  and OBE Economic Area Tota ls ,  sets o f  " f i r s t  approximations" 

were developed by a Federal team which inc luded economists from t h e  

Bureau o f  Economic Analys is ,  t h e  Corps o f  Engineers, t he  Tennessee Va l l ey  

A u t h o r i t y  (TVA) and t h e  Environmental P ro tec t i on  Agency (EPA) . These 

approximations were then co r re la ted  w i t h  county base1 i ne p ro jec t i ons  

which were developed independently t o  represent  l o c a l  considerat ions i n  

each county. The base l ine  value t o  be used f o r  each county was reached 

by a consensus o f  t he  p a r t i c i p a n t s  du r ing  work conferences. D i s t r i b u t i o n  

i n t o  the  sectors requ i red  f o r  t h i s  r e p o r t  was accomplished us ing l o c a l  

urban vs. r u r a l  growth pa t te rns  f o r  def ined census d i s t r i c t s .  



2.2.1.1 RESIDENT POPULATION WITHIN 10 MILES 

The urban centers o f  Leno i r  C i ty ,  Kingston, Harriman and Oak Ridge are 

located w i t h i n  10 m i les  o f  t h e  CRBRP as shown i n  Figure 2.2-2. F ig -  

ure 2.2-3 shows the  comparative popu la t ion  d i s t r i b u t i o n  f o r  t he  CRBRP 

area as compared t o  th ree o the r  areas i n  which nuclear  generat ing p lan ts  

are  present ly  operat ing. 

A d e t a i l e d  ana lys is  o f  t he  popu la t ion  d i s t r i b u t i o n  w i t h i n  the  10-mile 

radius was performed. For t h i s  purpose, the  reg ion surrounding the  

p l a n t  was d i v ided  i n t o  s ix teen 22-l/ZO azimuthal sectors w i t h  inner  

r a d i a l  increments o f  1, 2, 3, 4, 5 and 10 mi les  as i l l u s t r a t e d  i n  Fig- 

ure 2.2-4. Results o f  t h i s  analys is ,  as presented i n  Table 2.2-3, show 

t h a t  the  1970 popu la t ion  ou t  t o  10 m i les  was 41,895, corresponding t o  

an average populat ion dens i ty  i n  t h i s  area o f  166 persons/square mi le .  

The maximum popu la t ion  dens i t i es  i n  the  v i c i n i t y  o f  t h e  p l a n t  occur i n  

the  nor theast  sec tor  which encompasses p a r t  o f  t h e  c i t y  o f  Oak Ridge. 

Wi th in  f i v e  m i les  of t he  p l a n t  s i t e  there  are  no s i g n i f i c a n t  popu la t ion  

concentrat ions. Approximately one-thi  r d  o f  t h i s  area comprises 1 and 

owned by the  U. S. Government and i n  t h e  custody o f  AEC o r  TVA ( i nc lud ing  

the  C l i nch  R iver  S i t e )  and i s  w i t h i n  the  c i t y  l i m i t s  o f  Oak Ridge. 

Nevertheless, a t  l e a s t  two- th i rds  o f  t he  res iden t  popu la t ion  o f  Oak Ridge 

i s  located j u s t  beyond the  10-mile radius.  This s i t u a t i o n  e x i s t s  

because o f  the  unique way i n  which the  c i t y  o f  Oak Ridge or ig ina ted.  I n  

the  1 9 4 0 ' ~ ~  the  Government acquired about 80,000 acres f o r  a rese rva t ion  

t o  be used t o  develop weapons f o r  World War 11. One small p a r t  o f  t h i s  

parcel  o f  land was s e t  as ide f o r  r e s i d e n t i a l  use and became known as 

the  c i t y  o f  Oak Ridge. The remainder o f  t he  l and  was used f o r  Govern- 

ment purposes. I n  t h e  19501s, the  c i t y  o f  Oak Ridge became se l f -suppor t ing  

and self-governing. A t  t h i s  time, the  e n t i r e  "Oak Ridge Reservation" 

(80,000 acres) was designated as the  c i t y  o f  Oak Ridge though t h e  major 

p o r t i o n  remained i n  t h e  custody o f  AEC. The p o r t i o n  o f  t h e  " c i t y "  



a v a i l a b l e  f o r  r e s i d e n t i a l  development i s  l i m i t e d  because much o f  the  

land i s  reserved f o r  Government use. To ta l  popu la t ion  o f  t he  c i t y  was 

28,319 i n  1970. 

Harriman, c u t  by the  10-mile rad ius  t o  the  west-northwest, conta ins 

8,734 people. Two smal ler  towns loca ted s l i g h t l y  c lose r  t o  the S i t e  a re  

Lenoir  City, about n ine  m i les  southeast o f  t he  S i te ,  w i t h  5,324 people 

and Kingston, about seven m i l e s  t o  the  west, w i t h  a  popu la t ion  o f  4,142 

i n  1970. 

Development t rends and p o t e n t i a l  f o r  the  10-mile area i n d i c a t e  t h a t  

l i t t l e  change i s  expected w i t h i n  f i v e  m i les  o f  t he  S i t e  dur ing  the  l i f e -  

t ime o f  the  CRBRP. The development pa t te rns  f o r  t h e  communities i n  the 

5- t o  10-mile range i n d i c a t e  t h a t  o n l y  Oak Ridge has t h e  p o t e n t i a l  f o r  

growth i n  the  d i r e c t i o n  o f  the  S i te .  Long-range pat te rns  f o r  Oak Ridge 

(probably beyond 1990) could r e s u l t  i n  f u r t h e r  concentrated development; ' 
however, t h i s  development w i l l  n o t  occur w i t h i n  f i v e  m i les  o f  t h e  p l a n t  

s i t e .  As p rev ious l y  s tated,  the  l and  t o  the  no r th  and east  o f  t he  S i t e  

i s  government owned proper ty  i n  t h e  custody o f  AEC. The AEC boundary i s  

shown i n  F igure 2.2-5. 

The 1960 and 1970 census data show t h a t  t h e  r u r a l  popu la t ion  w i t h i n  

10 mi les  o f  the  S i t e  has tended t o  remain e s s e n t i a l l y  constant.  Popu- 

l a t i o n  growth has taken p lace near the  urban centers o f  Oak Ridge and 

Kingston. Pro jec t ions  f o r  f u t u r e  popu la t ion  growth i nc lude  the  urban 

centers o f  Oak Ridge, Harriman, Lenoir  C i t y  and Kingston. 

Results o f  t he  ana lys is  o f  the p ro jec ted  popu la t ion  d i s t r i b u t i o n  w i t h i n  

10 m i les  o f  the  S i t e  a re  shown i n  Tables 2.2-4 through 2.2-7 f o r  the  

years 1980 through 2010. From these p ro jec t i ons ,  i t  i s  seen t h a t  t he  

popu la t ion  w i t h i n  10 m i les  o f  t he  S i t e  i s  expected t o  grow from i t s  

present l e v e l  o f  41,895 i n  1970 t o  65,089 i n  2010. 



2.2.1.2 RESIDENT POPULATION BETWEEN 5 AND 50 MILES 

Most of t h e  area w i t h i n  a 50-mile rad ius  of t h e  S i t e  i s  w i t h i n  Tennessee. 

Only a smal l  p o r t i o n  of Nor th  Caro l ina  and a smal l  p o r t i o n  o f  Kentucky 

a r e  inc luded.  The t o t a l  1970 popu la t ion  o f  t h e  20 count ies  having 

f i v e  percent  o r  more of t h e i r  popu la t i on  w i t h i n  a 50-mile rad ius  o f  t he  

S i t e  was 768,955. Th is  was a popu la t i on  inc rease o f  o n l y  5.9 percent  

over  1960 as compared w i t h  a popu la t i on  increase o f  10 percent  f o r  

Tennessee and 13 percent  f o r  t h e  Nat ion. Popu la t ion  d i s t r i b u t i o n  w i t h i n  

50 m i l e s  o f  t h e  CRBRP f o r  census year  1970 i s  shown i n  Table 2.2-8. 

Pro jec ted  popu la t i on  d i s t r i b u t i o n  w i t h i n  50 m i l es  f o r  census years 1980, 

1990, 2000 and 2010 a re  shown i n  Tables 2.2-9 through 2.2-12. 

F igure  2.2-6 shows t h e  l o c a t i o n  o f  urban centers w i t h i n  50 m i l e s  o f  t he  

C l i n c h  R ive r  S i t e .  One major  urban center  w i t h  a popu la t i on  o f  50,000 

o r  more i s  l oca ted  w i t h i n  50 m i l es  o f  t h e  S i t e .  Knoxv i l l e ,  21.5 m i l e s  

t o  t h e  east-nor theast ,  had a 1970 popu la t i on  o f  174,587. The S i t e  i s  

l oca ted  w i t h i n  t he  c i t y  l i m i t s  o f  Oak Ridge which had a 1970 popu la t i on  

o f  28,319. A t  l e a s t  two - th i rds  o f  t h e  r e s i d e n t  popu la t i on  o f  Oak Ridge 

i s  l oca ted  beyond t h e  10-mi l e  rad ius .  

I n  a d d i t i o n  t o  Oak Ridge, two smal le r  popu la t i on  centers  (popu la t ion  o f  

10,000 t o  50,000) a re  w i t h i n  50 m i l es  o f  t h e  S i t e .  They a re  the  

Maryvi 11 e-A1 coa-Eagl e ton  V i  11 age area and Athens. The Maryvi 11 e-Alcoa- 

Eagleton V i l l a g e  area i s  i n  t he  20- and 30-mile range t o  t h e  east-southeast 

o f  t he  S i t e  and conta ins  26,892 people. Athens i s  i n  t he  30- and 40-mile 

range t o  the  south-southwest w i t h  a 1970 popu la t i on  o f  11,790. 

Numerous smal l  communities and crossroads set t lements a r e  sca t te red  

throughout t h e  reg ion  and a r e  surrounded by low dens i t y  r u r a l  develop- 

ment. Some o f  t h e  communities may reach a popu la t i on  o f  10,000 o r  more 

du r i ng  t h e  p r o j e c t  l i f e ,  b u t  i t  i s  n o t  a n t i c i p a t e d  t h a t  an a d d i t i o n a l  

metropol i tan  center  w i  11 develop. Urban centers w i t h  a popul a t i o n  l e s s  



than 2,500 w i t h i n  a 50-mile rad ius  f o r  the  census year  1970 a re  l i s t e d  

i n  Table 2.2-2. The t rend  i n  t h i s  area i s  toward dispersed growth i n  

medium s i z e  communities r a t h e r  than concentrated growth i n  a few major 

urban centers.  Zero popu la t ion  growth i s  expected w i t h i n  f i v e  m i les  

o f  the  S i t e  du r ing  the  l i f e  o f  t he  p l a n t ,  as shown i n  Tables 2.2-3 

through 2.2-7. 

TVA i s  s tudy ing  t h e  p o s s i b i l i t y  o f  developing Timberlake, a new town on 

t h e  shores o f  t he  T e l l i c o  Reservoi r  which w i l l  be formed when construc- 

t i o n  o f  t he  T e l l i c o  Dam i s  completed. Populat ion p ro jec t i ons  f o r  Timber- 

l ake  a re  3,000 t o  5,000 i n  1980 and 12,000 t o  18,000 i n  1990. The range 

i s  dependent p r i m a r i l y  on general economic cond i t ions .  This  popu la t ion  

should be a l l oca ted  t o  the  10- and 20-mile south-southeast sec tor  b u t  

i s  n o t  inc luded i n  t h e  data i n  Tables 2.2-9 through 2.2-12 because o f  

the  t e n t a t i v e  na ture  o f  t he  plans. 
/ \ 

3 
i 2.2.1 .3 TRANS1 ENT POPULATION 

An i n v e s t i g a t i o n  was made o f  t he  var ious  a c t i v i t i e s  conducted w i t h i n  

10 m i les  o f  t he  S i t e  t o  determine the  magnitude o f  t he  t r a n s i e n t  popu- 

l a t i o n  i n  t h e  area. No major s p o r t  f a c i l i t i e s  o r  p r isons  e x i s t  w i t h i n  

t h i s  reg ion  and t h e  on l y  components o f  t he  t r a n s i e n t  popu la t ion  t h a t  

a re  s i g n i f i c a n t  i n v o l v e  school and i n d u s t r i a l  a c t i v i t i e s  du r ing  weekdays, 

and rec rea t i ona l  a c t i v i t i e s  p r i m a r i l y  over weekends and hol idays.  (334) 

Most o f  t he  t r a n s i e n t  popu la t ion  near t h e  S i t e  i s  due t o  i n d u s t r i a l  

a c t i v i t i e s  i n  t h e  area. I n  add i t i on ,  some r e c r e a t i o n a l  a c t i v i t i e s  occur 

which add t o  the  t r a n s i e n t  populat ion.  Wi th in  a one-mile rad ius  the re  

i s  one sparsely  used in fo rmal  access and bank f i s h i n g  area l oca ted  a t  

t he  end o f  a d i r t  road. There a r e  two s i m i l a r  in fo rmal  use areas i n  

the  one- t o  three-mi le range. A 30-un i t  commercial camping and day use 

area i s  l oca ted  about 2-314 m i les  southeast o f  the S i te .  The maximum 

\\, 
number o f  people ( a t  any one t ime) a t  t h i s  campsite i s  est imated t o  be 

. . : 



80 i n  1980 and 100 i n  1990. A 100-uni t  commercial camping s i t e  i s  under 

development on the  Caney Creek embayment near C l inch  R iver  M i l e  (CRM) 17, 

s l i g h t l y  over one m i l e  from the  southeast boundary o f  the  S i te .  Estimates 

o f  t he  maximum number o f  people a t  t h i s  campsite f o r  1980 and 1990 are  

270 and 340 people, respec t i ve l y .  A c t i v i t i e s  a t  the  campsite w i l l  i n - .  

c lude f i s h i n g ,  boat ing  and swimming. A small stock-car racetrack,  loca ted  

about th ree  m i les  southeast of t he  p l a n t  s i t e ,  p resen t l y  may a t t r a c t  

5,500 t o  6,000 fans; t h i s  number could increase t o  6,500 persons i n  1990. 

The t r a n s i e n t  popu la t ion  w i t h i n  a  f i v e - m i l e  rad ius  o f  t he  S i t e  i s  shown 

i n  Table 2.2-13. 

Recreat ional  areas w i t h i n  a  10-mile rad ius  o f  the  S i t e  a re  shown i n  

F igure  2.2-7. Table 2.2-14 shows the  approximate mileage from the  S i t e  

t o  each rec rea t i ona l  area, t he  est imated number o f  persons who would be 

on each s i t e  dur ing  peak hour use and the  type o f  s i t e  a c t i v i t y .  Peak 

hour use was considered t o  occur on J u l y  4 f o r  each year.  Pro jec t ions  

f o r  peak hours f o r  t he  years 1980, 1990, 2000 and 2010 a re  inc luded.  

Based on 1970 in fo rmat ion ,  the  peak hour rec rea t i ona l  use o f  these 

f a c i l i t i e s  cou ld  r e s u l t  i n  3,565 'persons being present  a t  one t ime w i t h i n  

the  10-mile rad ius  o f  t he  S i t e .  This  number cou ld  increase t o  12,885 

f o r  the yea r  2010. Assuming t h a t  a l l  these v i s i t o r s  res ide  ou ts ide  the  

10-mile rad ius  from the  S i t e ,  t h i s  would represent  an increase o f  about 

e i g h t  percent over t he  permanent popu la t ion  o f  t he  area. 

The number o f  rec rea t i ona l  c r a f t  locked through the  Melton H i l l  Dam, 

l oca ted  about f o u r  and one-half  m i les  southeast o f  t he  S i t e  o r  s i x  m i l es  

up the  C l inch  River ,  f o r  each year  from 1965 through 1972 are shown i n  

Table 2.2-15. To ta l  number o f  v i s i t o r s  t o  Melton H i l l  Dam i n  1971 was 

225,000; t o t a l  number o f  v i s i t o r s  t o  the  Dam s ince the p r o j e c t  opened 

i n  1963 was 2,596,000. Commercial f r e i g h t  t r a f f i c  on t h e  C l inch  R iver  

i s  very sparse and has n o t  exceeded 10,000 tons i n  any s i n g l e  year  over 

the  pas t  seven years, as can be seen i n  Table 2.2-15. 



2.2.1.4 PUBLIC FACILITIES AND INSTITUTIONS 

Twenty-two schools l oca ted  w i t h i n  a  10-mile rad ius  o f  t h e  S i t e ,  as shown 

i n  F igure 2.2-8, had a  1973 t o t a l  enro l lment  o f  7,901 students.  I n f o r -  

mation on schools w i t h i n  t h e  10-mile rad ius  i s  shown i n  Table 2.2-16. 

Oak Ridge a n t i c i p a t e s  b u i l d i n g  a  new elementary school f o r  t h e i r  system 

by 1990. However, t h i s  school and o the r  new schools t o  be b u i l t  i n  

t h e  foreseeable f u t u r e  w i l l  rep lace those p resen t l y  i n  use as they be- 

come obsolete. Other school systems i nc luded  w i t h i n  t h e  10-mi l e  rad ius  

do n o t  forecast  any s i g n i f i c a n t  expansion beyond t h a t  necessary t o  

accommodate f u t u r e  educat ional  requirements as shown i n  Table 2.2-16 as 

obsolete p l  ants  and f a c i  1  i t i e s  are r e t i  r e d  o r  renovated. 

According t o  t he  Journal  o f  American Hosp i ta l  Organi z a t i o n  , ( 5 )  t h e  near- 

e s t  h o s p i t a l  t o  t h e  S i t e  i s  t he  Harriman C i t y  Hosp i ta l  w i t h  94 beds, 

l oca ted  about 10 m i l es  t o  t h e  west-northwest. Oak Ridge Hosp i ta l  o f  

the  Methodis t  Church, w i t h  287 beds, i s  l oca ted  about 15 m i l es  t o  the  

nor theas t .  Oak Ridge Associated Uni ve rs i  t i e s  Medi c a l  Di v i s i o n  Hosp i ta l  , 
w i t h  30 beds, i s  l oca ted  about 15 m i l es  t o  t he  nor theas t .  A  t a b u l a t i o n  

o f  a d d i t i o n a l  h o s p i t a l  f a c i  1  i t i e s  and t h e i  r respec t ive  capac i t i es  w i  t h i  n  

50 m i l es  o f  t he  S i t e  i s  shown i n  Table 2.2-17. No new h o s p i t a l s  are 

planned w i t h i n  t h e  10-mile rad ius  i n  t h e  foreseeable f u t u r e .  Two pr imary 

reasons f o r  t h i s  are t he  s c a r c i t y  o f  medical  doctors a t  t he  l o c a l  l e v e l  

and the  p r o x i m i t y  t o  t he  w e l l  equipped and s t a f f e d  h o s p i t a l s  i n  nearby 

Knoxv i l l e .  

Forecasts f o r  p u b l i c  and p r i v a t e  rec rea t i ona l  areas were g iven i n  

Sect ion 2.2.1.3 and Table 2.2-14. 

2.2.2 USES OF ADJACENT LANDS 

Wi th in  a  10-mile rad ius  o f  the  S i t e ,  t he  reg ion  encompasses r e s i d e n t i a l ,  

farm, r e c r e a t i o n a l  and i n d u s t r i a l  areas. Land a d j o i n i n g  t h e  S i t e  i s  



zoned F.A.I.R., su i tab le  fo r  fo res t ry ,  agr icu l tu re ,  industry o r  residen- 

t i a l  use; the S i t e  i s  zoned Industrial  2. No mil i?ary i n s t a l l a t i ons  

ex i s t  i n  the  area.  Minimum exclusion area distance (10 CFR 100) i s  

2,200 f e e t  f o r  the  CRBRP. Schools and hospi ta ls ,  l i s t e d  i n  Tables 2.2-16 

and 2.2-1 7, respectively,  a re  the only pub1 i c  f a c i l i t i e s  located w i t h i n  

the 10-mile radius. No a i r p o r t s  a r e  located w i t h i n  the  10-mile radius 

of the  S i t e ;  i t  i s  served primarily by a highway system. Industrial  and 

recreational  areas a re  l i s t e d  in Section 2.2.2.2 and Section 2.2.1.3, 

respectively. Although the eastern Tennessee area i s  generally of a 

rural  type with agr icul ture  playing an important pa r t ,  the  area within 

the  10-mile radius has only f i ve  commercial dairy farms. There i s  no 

mineral production within the 10-mile radius;  however, mineral production, 

primarily in the form of s t r i p  coal mining, does play an important role  

in the region, par t icular ly  i n  Morgan County. No wild1 i f e  preserves, 

sanctuaries o r  hunting areas a re  i n  the  immediate v ic in i ty  of the S i t e .  

A waterfowl refuge which i s  pa r t  of the  Long Island Wildlife Management 

Area i s  located on the Tennessee River approximately e ight  miles west- 

southwest of the  S i t e .  

2.2.2.1 AGRICULTURE 

The majority of the  region w i t h i n  the 10-mile radius l i e s  within Roane 

County, touching only s l i gh t l y  i n  Morgan, Anderson, Knox and Loudon 

Counties. Checks w i t h  county agents have revealed t h a t  there a re  no 

commercial dairy farms located within the  10-mile radius in Morgan, 

Anderson o r  Knox Counties. (6 )  There are  four commercial dairy farms i n  

Roane County and one commercial dairy farm i n  Loudon County within 

10 miles of the  plant ;  these a r e  shown in Figure 2.2-9 and tabulated in 

Table 2.2-18. During a survey conducted in  the spring of 1974, approxi- 

mately 475 head of beef c a t t l e  were counted within f i v e  miles of the 

S i t e .  Scattered herds, ranging in  s i ze  from 20 t o  30 head were located 
in the southeast ,  southwest and northwest quadrants. Interspersed w i t h  



the beef c a t t l e  were 61 m i l k  cows. A g r i c u l t u r a l  crops w i t h i n  the  10-mile 

rad ius  were repor ted as sca t te red  small p l o t s  f o r  s i n g l e  f a m i l y  use. 

I n  general, farming i n  eastern Tennessee has fo l lowed the  na t i ona l  t rend  

o f  a  s t e a d i l y  decreasing number o f  farms w i t h  the  remaining farms 

increas ing  i n  average s ize . (7 )  F igure  2.2-10 i s  an i l l u s t r a t i o n  o f  t h i s  

t rend  i n  the  Emory R iver  Va l ley  and t h e  county agents agree t h a t  t h i s  

t rend  i s  v a l i d  i n  the  l o c a l  area. Because more o f f - f a r m  employment 

oppor tun i t i es  e x i s t  now than i n  the  past,  t he  t rend  has been t o  s h i f t  

from d a i r y  cows and o the r  forms o f  farming t o  r a i s i n g  beef  c a t t l e  which 

requ i res  l ess  labor .  As shown i n  F igure  2.2-11, t he  t rend  mentioned 

f o r  t h e  Emory R ive r  Va l ley  shows t h a t  beef  c a t t l e  p roduct ion  doubled 

from 1939 t o  1964. The l a t e s t  a g r i c u l t u r a l  census, 1969, shows t h a t  

t h i s  t r e n d  has accelerated and t h a t  beef c a t t l e  p roduct ion  has nea r l y  

doubled i n  the  f i ve -yea r  pe r iod  between 1964 and 1969. Although t h i s  

: t rend  i s  be l ieved t o  apply t o  the  general area, as i n d i c a t e d  above, 

beef c a t t l e  i n  the l o c a l  area are  i n  smal l  sca t te red  herds. Also, 

according t o  the  1969 Census, the  number o f  farms has decreased by 

12 percent  bu t  t he re  has been a  10 percent  increase i n  the  average s i z e  

o f  farms. (8 )  

2.2.2.2 INDUSTRY 

Three l a r g e  i n d u s t r i a l  a c t i v i t i e s  are  loca ted w i t h i n  f i v e  m i les  o f  the  

p l a n t  s i t e ,  as shown i n  F igure 2.2-12. These are the  Oak Ridge Gaseous 

D i f f u s i o n  P l a n t  about t h ree  m i les  north-northwest,  t he  Oak Ridge Nat ional  

Laboratory about f o u r  m i l es  nor theast  and TVA1s Me1 ton  H i l l  Dam about 

f o u r  and one-hal f  m i l es  east.  

Enriched uranium i s  produced a t  t he  Oak Ridge Gaseous D i f f u s i o n  P lan t  

(ORGDP). There are  about 2,800 employees a t  ORGDP. Oak Ridge Nat ional  

Laboratory (ORNL) i s  a  research and development f a c i  1 i t y  which employs 

\ approximately 4,500 people. ORNL1s work inc ludes reac to r  and chemical 



technology, radiat ion e f f ec t s ,  controlled fusion and other basic and 

appl ied research ac t i  v i  t i e s .  Me1 ton H i  11 Dam provides hydroelectric 
power t o  the  TVA system and extends navigation up the  Clinch River. 
A small crew attends the  locks b u t  the  power u n i t  operates unattended. 

Three small industr ia l  a c t i v i t i e s  a re  located about one and one-half 
miles north of the center of the plant  s i t e  i n  the  Clinch River Consoli- 
dated Industrial  Park as shown i n  Figure 2.2-13. U. S. Nuclear, Inc.,  

has located a plant  on a 10-acre parcel f o r  the fabr icat ion of neutron 
absorbers and fuel elements f o r  t e s t  reactors with planned future  pro- 
duction t o  include fuel elements fo r  power reactors .  They employ about 
25 people and will  expand t o  a maximum of about 50 people i n  the inde- 

terminate future.  Nuclear Environmental Engineering, Inc. has b u i  1 t a 
small plant  on a f ive-acre t r a c t  f o r  the cal ibra t ion and resa le  of 
radioisotopes fo r  use i n  education, research and industry. They wil l  
a1 so  manufacture radioisotope generators and radi oacti  ve t racers  fo r  oi 1 
f i e l d s  o r  other uses. This plant  s t a r t ed  w i t h  a force of about 20 people 
and eventually wil l  increase t o  a planned t o t a l  of 75 people. Nuclear 
Assurance Corporation contains f ac i l  i t i e s  t o  clean UF6 containers. The 
recovered UF6 wil l  be returned t o  t he i r  customers. They employ about 
s i x  people and wi 11 expand t o  a maximum of 45 people in  about f i ve  years .  
A1 1 nuclear material handling by these three  industr ies  i s  done under 
controlled conditions i n  accordance w i t h  governing safe ty  and health 
regulations . 

Two additional industr ia l  a c t i v i t i e s  located in the  area a re  AEC's Y-12 
f a c i l i t y ,  nine miles northeast and TVA's Kingston Steam Plant ,  seven and 
one-half miles west of the  plant  s i t e .  The Y-12 f a c i l i t y  provides pro- 
duction, research and development f a c i l i t i e s  f o r  the Atomic Energy 
Commission and employs about 6,500 people. About 500 employees work 
a t  the  Kingston Steam Plant which i s  a f o s s i l - f i r ed  e l ec t r i c a l  generating 

plant  w i t h  a capacity of 1,700,000 kilowatts. I t  i s  a major suppl ier  
of power t o  the Oak Ridge Gaseous Diffusion Plant .  



2.2.2.3 MINERALS AND MINING 

There i s  no minera l  p roduc t ion  w i t h i n  t he  10-mile rad ius ;  however, 

minera l  p roduc t ion  does p lay  an important  r o l e  i n  t h e  region,(9)  p a r t i c u -  

l a r l y  i n  Morgan County where s t r i p  min ing  f o r  coal  has been es tab l i shed 

f o r  many years. 

2.2.2.4 TRANSPORTATION 

2.2.2.4.1 HIGHWAYS 

One major highway, I n t e r s t a t e  40, passes approximately 1.25 m i l e s  south 

o f  t he  p l a n t  s i t e  as shown i n  F igure  2.2-14. ( l o )  The c l o s e s t  i n t e r -  

changes on 1-40 a r e  S ta te  Routes 58 and 95, which are  about f o u r  m i l es  

and th ree  m i  1 es , respec t i ve l y ,  f rom the  p l a n t '  s i t e  l o c a t i o n .  Average 

t r a f f i c  count on 1-40 between the  e x i t s  f o r  Routes 58 and 95 f o r  a 

24-hour pe r i od  i s  16,500. (11) 

2.2.2.4.2 RAIL 

Harriman Junct ion,  approximately 1 6  m i l es  northwest o f  t he  S i t e ,  has the  

c l o s e s t  major main r a i l  l i n e .  I t  i s  served by both the  C inc inna t i ,  

New Orleans & Texas P a c i f i c  (CNO & TP) and t h e  Southern Railway. 

2.2.2.4.3 WATER 

Commercial t r a f f i c  (tonnage) locked through Melton H i l l  Dam i s  shown i n  

Table 2.2-15 f o r  t h e  years 1966 through 1972. Comparing the  f i g u r e s  i n  

t h e  tab le ,  i t  appears t h a t  commercial t r a f f i c  i s  i nc reas ing  i n  tonnage 

b u t  r e c r e a t i o n a l  t r a f f i c  through t h e  dam i s  decreasing i n  number. 



2.2.2.4.4 AIR 

A i r p o r t s  loca ted  near t he  S i t e  a re  as f o l l c ~ s :  

Distance and D i r e c t i o n  
Name BEE (mi, 1  es ) 

Meadowlake A i r  Park Sport  10 SW 

Oak Ridge A i r  Park Sport 11 NNE 

Rockwood Munic ipal  Business/sport  18 W 

McGhee-Tyson Commercial 28 ESE 

O f  the four ,  on l y  McGhee-Tyson (Knoxvi 1  l e )  has scheduled commerci a1 

f l i g h t s .  V16, the  nearest  f l i g h t  path, i s  about 10 m i les  south o f  t he  

S i t e .  As i n d i c a t e d  i n  F igure 2.2-15, a i r c r a f t  approaching McGhee-Tyson 

would be a t  a  minimum a l t i t u d e  o f  5,000 f e e t  as they pass 10 m i les  south 

o f  the  S i t e .  The nearest  ho ld ing  p a t t e r n  f o r  McGhee-Tyson i s  approxi-  

mately 30 m i les  nor theast  o f  the  S i t e .  

2.2.3 WATER USE 

2.2.3.1 SURFACE WATER USE 

E i g h t  p u b l i c  water supp l ies  withdrawing water from sur face sources and 

two a d d i t i o n a l  suppl ies w i t h  a u x i l i a r y  in takes a re  loca ted w i t h i n  a  

20-mile rad ius  o f  the S i t e .  Three o f  these suppl ies a re  loca ted where 

they could be in f luenced by the  p l a n t ' s  waste discharges. The c i t y  o f  

Rockwood, Tennessee, has an a u x i l i a r y  p u b l i c  water supply i n t a k e  l o c a t i o n  

on t h e  King Creek embayment o f  Watts Bar Reservoir  where the p o t e n t i a l  

f o r  reverse f l ow  e x i s t s  . Under c e r t a i n  cond i t ions  , C l  i nch  R i  ver water 

cou ld  f l ow  upstream i n  the  Emory River .  Such f lows c a r r y  res idua l  rad io -  

isotopes and could poss ib l y  e f f e c t  t he  Cumberland U t i l i t y  D i s t r i c t  sur-  

face water i n t a k e  and the  Harriman water supply i n t a k e  on the  Emory River .  

O f  t h e  16 i n d u s t r i a l  water suppl ies p resen t l y  w i t h i n  a  20-mile rad ius  o f  

t h e  S i te ,  f i v e  are loca ted where they could be in f luenced by water borne 



discharges from t h e  CRBRP. The c l o s e s t  of these i s  l oca ted  1.6 m i l es  

downstream from the  S i t e  a t  CRM 14.4. Th is  supply i s  used t o  p rov ide  

po tab le  water a t  t h e  Oak Ridge Gaseous D i f f u s i o n  P l a n t  and the  small 

i n d u s t r i a l  park a t  t h e  n o r t h  end of t h e  S i t e  proper ty .  An AEC supply 

a t  CRM 11.5 and TVA's Kingston Steam P l a n t  supply cou ld  be in f luenced 

by discharges from the  S i t e .  Water supply f o r  t he  Steam P l a n t  i s  w i t h -  

drawn from the  Emory River,  which cou ld  be i n f l uenced  by f l o w  coming 

down the  C l inch  R iver  dur ing  c e r t a i n  per iods o f  t he  summer. It i s  used 

f o r  i n p l a n t  purposes, i n c l u d i n g  po tab le  uses, as w e l l  as coo l ing .  A. B. 

Long Quarr ies,  Inc., and Mead Corporat ion a re  both loca ted on the  Emory 

R iver  arm o f  Watts Bar Reservoi r  which cou ld  rece ive  upstream f l ow  from 

the  C l i nch  River,  b u t  n e i t h e r  o f  these suppl ies i s  used f o r  po tab le  o r  

s a n i t a r y  purposes. Locat ions o f  i n d u s t r i a l  water suppl ies a r e  shown i n  

F igure  2.2-16 and add i t i ona l  i n fo rma t ion  about the  suppl ies i s  g iven i n  

Table 2.2-19. 

Wi th in  50 m i les  downstream from the  p lan t ,  two p u b l i c  water supp l ies  can 

be in f luenced by water f l ow ing  pas t  t he  C l inch  R ive r  S i t e .  Spr ing City, 

which i s  30 m i les  from the  S i t e  and had a  1970 popu la t ion  o f  1,756, w i t h -  

draws 120,000 ga l lons  o f  water per  day from the  Piney River .  Piney R iver  

i s  i n f l uenced  by backwater from Watts Bar Dam. The c i t y  o f  Dayton, 

44 m i  l e s  from the  S i te ,  withdraws 1,400,000 ga l  1  ons o f  water per  day from 

the  Tennessee River.  Dayton had a  1970 popu la t ion  o f  4,361. 

C l i nch  R ive r  water i s  n o t  known t o  be used f o r  i r r i g a t i o n  i n  the v i c i n i t y  

o f  t he  S i t e .  One farm, border ing the  r i v e r  i n  t h e  southwest sector ,  has 

an a u x i l i a r y  pumping system t o  supply water from t h e  r i v e r  t o  l i v e s t o c k  

du r ing  per iods o f  low groundwater supply. 

Treated e f f l u e n t  from the radwaste system w i l l  be mixed w i t h  the  coo l i ng  

tower blowdown p r i o r  t o  being discharged i n t o  the  C l i nch  River .  Since 

the  f i r s t  p o i n t  o f  use o f  C l inch  R iver  water i s  about '1.6 m i l es  downstream 

I 
from the  p l a n t  discharge, t he  minimum seasonal t r a n s i t  t ime i s  est imated 



t o  be 1.78 hours and the  minimum seasonal d i l u t i o n  a t  t he  p o i n t  of use 

i s  est imated t o  be 18.2 t o  1. Data assumptions and models used i n  

es t ima t i ng  t r a n s i t  t ime and d i l u t i o n  a re  prov ided i n  the  Appendix t o  

Sect ion 10.3. 

2.2.3.2 GROUNDWATER USE 

Most o f  t he  development i n  the  area has been r u r a l  r e s i d e n t i a l  and i t  

has n o t  been economical ly f e a s i b l e  t o  use p u b l i c  water supp l ies  f o r  

every residence. Thus, many i n d i v i d u a l  w e l l s  are found i n  t he  area. 

As descr ibed i n  Sect ion 2.5, 110 w e l l s  and spr ings  are l oca ted  w i t h i n  

two m i l es  o f  t he  S i t e ;  however, a l l  o f  these w e l l s  a re  l oca ted  south of 

t he  C l  i nch  River .  The C l  i nch  R iver  bounds the  S i t e  groundwater sys tern 

on th ree  s ides and i s  a groundwater s i n k  f o r  t h e  system. Chestnut Ridge 

appears t o  represent  t he  nor thern  boundary f o r  t h e  groundwater system of 

the  e n t i r e  peninsula as can be seen i n  F igure  2.5-1. Discharge from the  

a q u i f e r  system goes d i r e c t l y  i n t o  t he  r i v e r  o r  i n t o  streams which f l ow  

i n t o  t he  r i v e r .  Because the  i n c i s e d  meander o f  the  r i v e r  i s  a major 

topographic f ea tu re  s e t  down i n  bedrock, i t  i s  u n l i k e l y  t h a t  any 

groundwater f l o w  cou ld  pass beneath the  r i v e r .  

W i th in  a 20-mile rad ius  o f  t he  S i t e  t he re  a re  17 p u b l i c  water  supp l ies  

wi thdrawing water from w e l l s  and spr ings.  These are  l i s t e d  i n  

Table 2.2-20 which a l so  includes. p u b l i c  water supp l ies  drawn from surface 

water.  Locat ions o f  those w i t h i n  10 m i l e s  o f  the  S i t e  a re  shown on 

F igure  2.2-1 7. 



TABLE 2.2-1 

Urban Center 

Knoxvi 11 e 

Oak Ridge 

Maryvi  11 e 

Athens 

Harriman 

A1 coa 

La F o l l e t t e  

Crossv i l  l e  

Lenoi r City 

Roc kwood 

Eagleton V i l l a g e  

C l  i n t o n  

Dayton 

Sweetwater 

K i  ng s ton  

Etowah 

Loudon 

01 i v e r  Springs 

Sevi e r v i  11 e 

Mad isonv i l le  

Onei da 

URBAN CENTERS WITH POPULATION >2500 

WITHIN A 50-MILE RADIUS OF THE CRBRP 

FOR CENSUS YEAR 1970 

Distance* 
From P lan t  Approx. 

County (mi les)  D i r e c t i o n  Populat ion 

Knox 

Anderson-Roane 

B lount  

McM i nn 

Roane 

Blount  

Campbell 

Cumber1 and 

Loudon 

Roane 

B l  ount 

Anderson 

Rhea 

Monroe 

Roane 

McMi nn 

Loudon 

Ef~i""'! 
Sevier  

Monroe 

ENE 

NE 

ES E 

SSW 

WNW 

ESE 

NN E 

W 

S E 

W 

ES E 

N E 

S W 

SSW 

W 

SSW 

SSE 

NNE 

\ *Distances measured from the edge o f  the r e s i d e n t i a l  areas nearest  the  
,I S i t e  



TABLE 2.2-2 

Urban Center 

Lake City 

N o r r i  s 

P i k e v i l l e  

F r i e n d s v i l  l e  

Townsend 

Char leston 

Caryv i  11 e 

Jacksboro 

Pleasant  H i l l  

A1 1 a r d t  

James town 

Greenback 

Phi lade1 ph ia  

Cal houn 

Engl ewood 

N i o t a  

Decatur 

T e l l  i c o  P la i ns  

Vonore 

Oa kdal  e 

Wartburg 

URBAN AREAS WITH POPULATION <2500 

WITHIN A 50-MILE RADIUS OF THE CRBRP 

FOR CENSUS YEAR 1970 

County 

Anderson 

Anderson 

Bledsoe 

B loun t  

B loun t  

Brad1 ey 

Campbell 

Campbell 

Cumber1 and 

Fentress 

Fentress 

Loudon 

Loudon 

McMi nn 

McMi nn 

McMi nn 

Mei gs 

Monroe 

Monroe 

Morgan 

Morgan 

Dis tance*  
From P l a n t  

(mi 1 es ) 
Approx. 

D i r e c t i o n  

NNE 

N E 

WSW 

ESE 

ESE 

SSW 

NNE 

NNE 

W 

NW 

NW 

S E 

S 

SSW 

S 

SSW 

SW 

S 

SSE 

W NW 

NW 

Popu la t ion  

1,923 

1,359 

1,454 

575 

267 

792 

6 48 

689 

293 

61 0 

1,899 

31 8 

554 

624 

1,878 

629 

698 

(Cont inued)  



TABLE 2.2-2 (Cont inued) 

Urban Center 

Spr ing  City 

H u n t s v i l  l e  

Gat1 i n b u r g  

Pigeon Forge 

L u t t r e l l  

Maynardvi 11 e 

Distance* 
From P l a n t  

County (mi 1 es ) 

Rhea 29.75 

S c o t t  36.25 

Sev ie r  49.50 

Sevi e r  45.50 

Union 41.75 

Union 40.75 

Approx. 
D i r e c t i o n  Popu la t ion  

WSW 1,756 

N 337 

ES E 2,329 

E 1,361 

EN E 81 9 

NE 702 

*Distances measured t o  edge o f  r e s i d e n t i a l  area neares t  t he  S i t e  



TABLE 2.2-3 

Sec to r  
Des igna t ion  

N 

NNE 

NE 

ENE 

E 

ES E 

S E 

SS E 

S 

SSW 

S W 

WSW 

W 

WNW 

NW 

NNW 

POPULATION DISTRIBUTION 

WITHIN 10 MILES OF THE CRBRP 

FOR CENSUS YEAR 1970* 

Radia l  I n t e r v a l  ( m i l e s )  
0- 1 1-2 2-3 3-4 4-5 5-10 

Sum f o r  Rad ia l  30 305 500 805 1,100 39,155 
I n t e r v a l  

\ 

Accumul a t  i ve T o t a l  30 335 835 1,640 2,740 41,895 
up t o  Radius I n d i c a t e d  

Average Dens i ty  10 32 32 37 3 9 166 
( peopl e lm i  2) i n 
Radia l  Region 

*Based on i n f o r m a t i o n  prepared by TVA D i v i s i o n  o f  Nav iga t i ona l  Development 
and Regional S tud ies ,  Economic Research 

2.2-18 



TABLE 2.2-4 

Sector 
Desianat ion 

N 

NNE 

N E 

ENE 

E 

ES E 

S E 

SS E 

S 

SSW 

S W 

WSW 

W 

W NW 

NW 

NNW 

PROJECTED POPULATION DISTRIBUTION 

WITHIN 10 MILES OF THE CRBRP 

FOR CENSUS YEAR 1980 

Radial  I n t e r v a l  (m i l es )  
0-1 1-2 2-3 3-4 4-5 5-10 

Sum f o r  Radial  30 305 500 805 1,100 46,807 
I n t e r v a l  

Accumulative To ta l  3 0 335 835 1,640 2,740 49,547 
up t o  Radius Ind i ca ted  

Average Densi ty  10 3 2 3 2 37 39 199 
( peopl e/mi 2) i n  
Radial Region 



TABLE 2.2-5 

Sec to r  
Des igna t ion  

N 

NNE 

N E 

ENE * 
E 

SSE 

S 

SSW 

SW 

WSW 

NNW 

PROJECTED POPULATION DISTRIBUTION 

WITHIN 10 MILES OF THE CRBRP 

FOR CENSUS YEAR 1990 

Radia l  I n t e r v a l  ( m i l e s )  
0-1 1-2 - 2-3 - 3-4 - 4-5 - 5-1 0 - 

Sum f o r  Radia l  3 0 305 500 805 1,100 52,243 
I n t e r v a l  

Accumulat ive T o t a l  30 335 835 1,640 2,740 54,983 
up t o  Radius I n d i c a t e d  

Average Densi t y  10 3 2 32 3 7 39 222 
( peopl e/mi 2) i n 
Radia l  Region 



TABLE 2.2-6 

Sec to r  
Des igna t ion  

N 

NN E 

N E 

ENE 

E 

ES E 

S E 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

PROJECTED POPULATION DISTRIBUTION 

WITHIN 10 MILES OF THE CRBRP 

FOR CENSUS YEAR 2000 

Radia l  I n t e r v a l  (mi 1 es) 
0- 1 1-2 - 2-3 - 3-4 - 4-5 - 5-10 - 

Sum f o r  Radia l  30 305 500 805 1,100 57,796 
I n t e r v a l  

Accumulat ive T o t a l  30 335 835 1,640, 2,740 60,536 
up t o  Radius I n d i c a t e d  

Average Dens i ty  10 3 2 32 3 7 39 245 
(peopl e/mi 2) i n 
Radi a1 Region 



TABLE 2.2-7 

Sector 
Designat ion 

N 

NNE 

N E 

ENE 

E 

ES E 

S E 

SS E 

S 

SSW 

5 W 

WSW 

W 

WNW 

NW 

NNW 

PROJECTED POPULATION DISTRIBUTION 

WITHIN 10 MILES OF THE CRBRP 

FOR CENSUS YEAR 2010 

Radial I n t e r v a l  (m i l es )  
0-1 - 1-2 - 2-3 - 3-4 - 4-5 - 5-1 0 - 

0 0 0 .O 0 1,830 

0 0 0 0 0 8,870 

0 0 0 0 0 10,921 

5 5 0 0 0 224 

10 5 3 0 3 0 10 1,107 

5 5 15 65 115 2,521 

0 15 45 9 5 115 14,231 

0 15 2 0 120 125 1,085 

5 35 2 0 7 5 95 352 

0 35 5 7 0 65 187 

5 2 5 30 100 7 5 376 

0 30 70 11 5 250 3,377 

0 55 165 105 75 5,487 

0 6 0 100 30 55 8,690 

0 20 0 0 45 1,552 

0 0 0 0 75 1,539 

Sum f o r  Radial  30 305 500 805 1,100 62,349 
I n t e r v a l  

Accumulative To ta l  30 335 835 ' 1,640 2,740 65,089 
up t o  Radius I n d i c a t e d  

Average Dens i t y  10 32 32 3 7 39 265 
(people/mi2) i n  
Radial  Region 



TABLE 2.2-8 

Sec to r  
Designat ion 

N 

NNE 

N E 

ENE 

E 

ESE 

S E 

SSE 

S 

ssw 
SW 

WSW 

W 

WNW 

NW 

NNW 

POPULATION DISTRIBUTION 

WITHIN 50 MILES OF THE CRBRP 

FOR CENSUS YEAR 1970* 

Radi a1 I n t e r v a l  (m i l es )  
0-5 - 5-1 0 10-20 20-30 30-40 

Sum f o r  Radia l  2,740 39 ,I 55 110,620 304,830 128,400 93,055 
I n t e r v a l  

Accumul a t i  ve 2,740 41,895 152 $51 5 457,345 585,745 678,800 
To ta l  up t o  
Radius I n d i c a t e d  

Average Dens i ty  3 5 167 117 194 58 33 
( peopl e/mi 2) i n 
Radia l  Region 

*Based on i n f o r m a t i o n  prepared by TVA D i v i s i o n  o f  Nav iga t i ona l  Development 
and Regional Stud ies,  Economic Research 



TABLE 2.2-9 

Sector  
Designat ion 

N 

NNE 

N E 

ENE 

E 

ESE 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

PROJECTED POPULATION DISTRIBUTION 

WITHIN 50 MILES OF THE CRBRP 

FOR CENSUS YEAR 1980 

Radial  I n t e r v a l  (m i l es )  
10-20 20-30 30-40 40-50 

Sum f o r  Radial  2,740 , 46,807 123,410 329,930 143,495 101,650 
I n t e r v a l  

Accumulative 2,740 49,547 1 72,957 502,887 646,382 748,032 
To ta l  up t o  
Radi us I n d i  cated 

Average Densi ty  3 5 199 130 21 0 65 3 6 
( peopl e/mi2) i n  
Radi a1 Region 



TABLE 2.2-10 

Sec to r  
Desi gna t ion  

N 

NNE 

N E 

ENE 

E 

ESE 

S E 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

PROJECTED POPULATION DISTRIBUTION 

WITHIN 50 MILES OF THE CRBRP 

FOR CENSUS YEAR 1990 

Radia l  I n t e r v a l  ( m i l e s )  
10-20 20-30 30-40 40 - 50 

Sum f o r  Radia l  2,740 52,243 138,580 358 ,I 70 156,480 1 13 ,I 60 
I n t e r v a l  

Accumul a t i  ve 2,740 54,983 193,563 551,733 708,213 821 ,373 
To ta l  up t o  
Radius I n d i c a t e d  

Average Dens i ty  3 5 222 147 227 7 1 40 
(people/mi2) i n 
Radia l  Region 



TABLE 2.2-1 1 

Sec to r  
Des igna t ion  

N 

NNE 

N E 

ENE 

S E 

SS E 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

PROJECTED POPULATION DISTRIBUTION 

WITHIN 50 MILES OF THE CRBRP 

FOR CENSUS YEAR 2000 

Radia l  I n t e r v a l  (m i l es )  
10-20 20-30 30-40 40-50 

Sum f o r  Radia l  2,740 57,796 155,135 388,735 170,185 124,690 
I n t e r v a l  

Accumulat ive 2,740 60,536 21 5,671 604,406 774,591 899,281 
T o t a l  up t o  
Radius I n d i c a t e d  

Average Densi t y  35 245 161 247 77 44 
( peopl e/mi 2) i n 
Radia l  Region 



TABLE 2.2-12 

Sector  
Designat ion 

N 

NNE 

N E 

ENE 

E 

ESE 

S E 

SS E 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

PROJECTED POPULATION DISTRIBUTION 

WITHIN 50 MILES OF THE CRBRP 

FOR CENSUS YEAR 2010 

Radi a1 I n t e r v a l  (mi 1 es) 
10-20 20-30 30-40 

3,095 685 4,980 

8,560 7,690 19,275 

50,575 15,180 5,955 

27,890 189,115 45 ,I 35 

31,505 89,970 22,175 

4,860 73,885 9,335 

2,600 7,205 290 

4,940 4,235 1,005 

4,970 14,160 7,805 

1,870 9,720 37 , I  30 

1,915 1,990 6,490 

2,770 2,890 4,465 

16,595 2,460 13,470 

6 $01 5 225 3,290 

4,065 2,490 2,205 

3,035 990 4,235 

Sum f o r  Radia l  2,740 62,349 175,260 422,890 187,240 
I n t e r v a l  

Accumul a t i  ve 2,740 65,089 240,349 663,239 850,479 
To ta l  up t o  
Radi us I n d i  cated 

Average Densi t y  3 5 265 186 269 85 
( peopl e/mi 2 )  i n  
Radia l  Region 



TABLE 2.2-13 

D i  stance 
(mi les)  

TRANSIENT POPULATION 

WITHIN 5-MILE RADIUS OF THE CRBRP 

A c t i v i t y  

Recreat ion Area 

U.S. Nuclear, Inc .  

Nuclear EnvS ronmental Engineering , Inc .  

Nuclear Assurance Company 

Recrea ti on Area 

Recreation Areas (6 )  

Oak Ridge Gaseous D i f f u s i o n  P lan t  

Edgewood Elementary School 

Oak Ridge Nat ional  Laboratory 

Melton Hi1 1 Dam (TVA) 

Recreation Areas (5)  

D a i l y  Transients 



TABLE 2.2-14 

ESTIMATED AVERAGE PEAK HOUR USE AT RECREATION AREAS WITHIN 

10 MILES OF THE CRBRP* 

M i  1 eage S i t e  
Zone NO .** 

None 

Est .  No. Persons Present Dur ing Peak Hour 
1970 - 1980 1990 2000 - 201 0 

(Continued) 



TABLE 2.2-14 (Cont inued) 

M i  1  eage S i t e  
Zone No. ** 

To ta l  61 

Est .  No. Persons Present  Dur ing  Peak Hour 
1970 - 1980 1990 2000 201 0 

" In fo rmat ion  supp l i ed  by TVA, Specia l  S tud ies  Sect ion,  Recreat ion 
Resources Branch 

**Keyed t o  F igu re  2.2-7 

+ A c t i v i t i e s  a t  t h e  s i t e s  a re :  2a, ORGDP over look;  2b, commercial t r o u t  
pond; 2c, s tockcar  t r ack ;  4a, Graph i te  r e a c t o r ;  13b, w i l d l i f e  observa- 
t i o n ;  25a, 31a and 42a, g o l f .  A l l  o t h e r  s i t e s  c o n s i s t  o f  improved and 
unimproved day-camp s i t e s ,  most w i t h  boa t  launch ing  ramps. 



Year 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

TABLE 2.2-15 

TRAFFIC LOCKED THROUGH MELTON HILL DAM 

Recreational Craft 
(number)* 

Commercial Traffi c 
(tonnage)** 

*Information suppl ied by TVA Division of Navigational Development 
and Regional Studies, Navigation Economics Branch 

**Information supplied by the U.S. Corps of Engineers 



TABLE 2.2-16 

INFORMATION ON SCHOOLS WITHIN  10 -MILE  RADIUS OF CRBRP 

School System 

Anderson County 

Oak Ridge 

Knox County 

School System 

Loudon County 

IU 
I Leno i r  City 

Morgan County 

Roane County 

Harriman 

Oak Ridge 

Forecast  

No schools a r e  w i t h i n  10 m i l e s  o f  S i t e  and none f o r e c a s t  f o r  1980 o r  1990. 

No schools a re  w i t h i n  10 m i l e s  o f  S i t e .  A new elementary school (K-6) i s  l i k e l y  by 
1990 i n  western Oak Ridge t o  accommodate 725 students.  

No schools a r e  w i t h i n  10 m i l e s  o f  S i t e  and none f o r e c a s t  f o r  1980 o r  1990. 
Distance i n  
M i l e s  and 
Di r e c t i o n  

No. - School Grades 1371 1983 - 1990 From S i t e  

1 Browder 1-8 111 200 250 9.0 SSE 
2 Eatons K-8 638 800 850 5.5 SE 
3 Highland Park K- 8 380 600 700 9.5 SE 

4 Leno i r  C i t y  High School 9-1 2 91 0 950 1,000 8.0 SE 
5 Leno i r  C i t y  J u n i o r  High School 5-8 472 700 800 9.5 SE 
6 Nicho ls  School K-4 40 1 750 800 9.0 SE 
7 West H i l l  1-6 11 3 250 300 8.5 SE 

8 C o a l f i e l d  Elementary 1-8 375 375 375 10.0 NNW 
9 C o a l f i e l d  High School 9-12 183 200 200 10.0 NNW 

10 Edgewood 1-6 113 200 200 3.5 WSW 
11 Cherokee 1-6 294 500 600 7.0 NNW 
12 D y l l  i s  1-8 21 1 300 300 5.5 NNW 
13 Emory 1-8 118 200 300 7.5 NW 
14 Fa i r v iew  K- 6 200 200 250 9.0 W 
15 Kingston Elementary K- 6 675 750 900 7.5 WSW 
16 Kingston J u n i o r  High School 7-8 351 500 600 8.0 W 
17 Roane County High School 9-1 2 814 1,000 1,200 7.5 W 

18 Cumberland J u n i o r  High School 7-9 345 600 650 9.5 WNW 
19 Harriman Cent ra l  Elementary 1-6 362 600 700 9.5 WNW 
20 Harriman High School 10-12 504 850 900 9.5 WNW 
21 Margrave 5-6 109 125 125 10.0 WNW 
2 2 Walnut H i l l  1-4 225 500 500 10.0 WNW 

23 New Elementary K- 6 - - 725 9.0 NNE 



TABLE 2.2-17 

HOSPITALS WITHIN 50 MILES OF SITE 

Dis tance  i n  m i l e s  
No. o f  

Beds 

2 5 

No. of  
Bass ine ts  

and D i r e c t i o n  
f rom S i t e  H o s p i t a l  City 

Concord 

County 

Knox L i t t l e  Creek San i ta r ium 
and H o s p i t a l  

21.5 ENE 

Cumberland Medical  Center  C r o s s v i l  l e  

Dayton 

Etowah 

Harriman 

James town 

Knoxvi 11 e 

Knoxvi 11 e 

Knoxvi 11 e 

Knoxvi 11 e 

Cumber1 and 

Rhea 

McMi nn 

Roane 

Fentress 

Knox 

Knox 

Knox 

Knox 

36.5 W 

44.5 SW 

39.25 SSW 

9.5 WNW 

48.0 NW 

21.5 ENE 

21.5 ENE 

21.5 ENE 

21.5 ENE 

Rhea County H o s p i t a l  

Woods Memorial H o s p i t a l  

Harr iman C i t y  H o s p i t a l  

Fentress County General 

C h r i s t e n b e r r y  I n f i r m a r y  

Eas te rn  S t a t e  P s y c h i a t r i c  

E a s t  Tennessee B a p t i s t  

Eas t  Tennessee Chest 
Disease H o s p i t a l  

21.5 ENE 

21.5 ENE 

21.5 ENE 

21 .O ENE 

21.5 ENE 

21.5 ENE 

21.5 ENE 

Eas t  Tennessee C h i l d r e n ' s  Knoxvi 11 e 

Knoxvi 1 l e  

Knoxvi 11 e 

Knoxvi 1 l e  

Knoxvi 11 e 

Knoxvi 1 l e  

Knoxvi 1 l e  

Knox 

Knox 

Knox 

Knox 

Knox 

Knox 

Knox 

F o r t  Sanders P r e s b y t e r i a n  

K n o x v i l l e  Os teopa th ic  

Parkwest 

S t .  Mary 's  Memorial H o s p i t a l  

Serene Manor H o s p i t a l  

U n i v e r s i t y  of Tennessee 
Memorial Research Center  
and H o s p i t a l  

L a F o l l e t t e  C o n u n i t y  L a F o l l e t t e  

Loudon 

Maryv i  1 1 e 

Oak Ridge 

Campbell 

Loudon 

B l o u n t  

Anderson 

36.5 NNE 

10.5 SSE 

25.0 ESE 

15.0 NE 

Char les H. Bacon H o s p i t a l  

B l o u n t  Memorial H o s p i t a l  

Oak Ridge Assoc ia ted  
U n i v e r s i t i e s  Medical  D i v .  

Oak Ridge H o s p i t a l  o f  
Method is t  Church 

Oak Ridge Anderson 

Chamberlain Memorial Rockwood 

S e v i e r v i l  l e  

Roane 

S e v i e r  S e v i e r  County H o s p i t a l  



TABLE 2.2-18 

COMMERCIAL DAIRY HERDS WITHIN 10 MILES OF CRBRP 

Dis tance 
L ives tock  f rom S i t e .  

Type Popu la t ion  (mi 1  es ) D i  r e c t i o n  

1.  Da i r y  

2. D a i r y  

3. D a i r y  

4. Da i r y  

5. Da i r y  

W 

W 

W 

ES E  

WNW 



TABLE 2.2-19 

INDUSTRIAL WATER SUPPLIES WITHIN A 20-MILE RADIUS OF CRBRP 

Approx. 
Radi a1 

Distance Average 
From S i t e  D a i l y  Use 

Supply (mi les )  (ga l l ons )  Source 

1. Atomic Energy 
Commission 

2. Atomic Energy 
Commission 

1.6 2,500,000 Surface (Cl i n c h  
R ive r  M i l e  14.4)* 

3.5 5,500,000 Surface (C l inch  
R ive r  M i l e  11.5)** 

3. TVA Kingston Steam 7.8 1,400,000,000 Surface (Emory 
P l a n t  R i ve r  M i l e  1.9)' 

4. Lenoi r C i t y  Car Works 9.3 30,000 Ground, We1 1' 

5. The Mead Corp. 9.7 2,900,000 Surface (Emory 
R ive r  M i l e  11.4) 

6. Charles H. Bacon, Co. 9.8 255,000 Ground, We1 1' 

7. Union Carbide 10.2 2,000,000 Surface (Tennessee 
R i  ver)+and Ground, 
Spr ing  

8. Charles H. Bacon, Co. 10.2 300,000 Surface (Tennessee 
R i  ver)+and Ground, 
Spr ing 

9. Atomic Energy 11 .O 22,000,000 Surface (Cl i nch  
Commission R ive r  M i l e  41.5)'' 

10. Ralph Rogers Co., Inc .  11.4 24,000 Ground, Well 

11. CNO & TP Railway 12.6 27,000 Surface (Emory 
R ive r  M i l e  18.8)' 

12. A. B. Long Quar r i es  13.4 1 ,500,000 Surface (Emory 
R ive r )  

(Continued) 



TABLE 2.2-1 9 (Continued) 

Approx. 
Radial 

Distance Average 
From S i t e  Daily Use 

Supply (miles) (gallons) Source 

13. John J .  Craig Co. 13.8 34,600 Surface (Small 
Stream) and 
Ground, We1 1 

14. Philadelphia Hosiery 14.5 20,000 Ground, We1 1 
Mills 

15. TVA Bull Run Steam 15.3 572,000,000 Surface (Cl inch 
Plant River Mile 47.6)' 

16. Morgan Apparel Co. 17.8 3,000 Ground, Well 

*Potable water only 

**Daily makeup f o r  ORGDP cooling towers 

'water supply i s  a l so  used f o r  potable water within the plant  

 s up plies 3,500,000 gallons per day t o  c i t y  of Oak Ridge (pop. 28,319) 



TABLE 2.2-20 

PUBLIC WATER SUPPLIES WITHIN 20-MILE RADIUS OF CRBRP 

Approx. 
Radial 

D i  stance Average 
from S i t e  Populat ion D a i l y  Use 

Supply (mi 1 es) Served (ga l  1 ons ) Source 

1. Edgewood Elementary 3.5 196 4,900 Ground, We1 1 
School 

2. Cumberland U t i l i t y  6.7 5,000 21 2,000 Ground, spr ing*  
D i s t r i c t  o f  Roane 
and Morgan Co. 

3. D i x i e  Lee U t i l i t y  8.6 4,500 395,000 Ground, spr ing** 
D i s t r i c t  

4. Kingston 8.8 5,000 31 5,000 Ground, ~ p r i  ng+ 

5. Leno i r  C i t y  

6. Midtown 

7. Harrirnan 

8. Loudon a 

9. Piney U t i l i t y  D i s t r i c t  

10. P a i n t  Rock Elementary 
School 

11. Midway High School 

12. O l i v e r  Springs 

13. F i r s t  U t i l i t y  D i s t r i c t  
o f  Knox County 

14. West Knox U t i l i t y  
D i s t r i c t  

15.3 and 18,000 
17.8 

Surface (Tennessee 
R iver  Mi le .601.3)  

Ground, We1 1 

Surface (Emory 
R iver  M i l e  12.9)++ 

Ground, Spr ing 

Ground, Spr ing 

Ground, We1 1 

Ground, Spr ing 

Ground, Spr ing 

Surface (S ink ing  
Creek embayment) 

Surface (Cl  i nch  
R iver  M i l e  46.9) 
and Ground, Spr ing  

(Continued) 

2.2-37 



TABLE 2.2-20 (Continued) 

Approx. 
Radi a1 

Distance Average 
from S i t e  Population Daily Use 

Supply (mi 1 e s )  Served (gal 1 ons) Source 

15. Dutch Valley Elementary 16.8 140 3,500 Ground, We1 1 
School 

16. F i r s t  U t i l i t y  D i s t r i c t  17.1 3,600 270,000 Ground, Spring 
of Anderson Co. 

17. Hal 1 sdal e-Powel 1 17.5 22,000 1,500,000 Surface (Bull Run 
U t i l i t y  D i s t r i c t  Creek embayment) V 

18. Plateau U t i l i t y  D i s t r i c t  17.7 1,900 100,000 Ground, We1 1 

19. Brushy Mountain 17.9 195 60,000 Ground, We1 1 
S t a t e  Honor Farm 

20. Rockwood 18.0 5,500 1,200,000 Ground, Spring 
and Surface (King 
Creek embayment) 

21. Clinton U t i l i t y  Board 20.0 17,000 820,000 Surface (Cl inch 
River Mile 59) 

22. Sweetwater 20.0 5,100 700,000 Ground, spring 
and surface 
(Sweetwater Creek) 

*Also has auxi l iary  water intake a t  L i t t l e  Emory River Mile 3.9 

**Includes Martel U t i l i t y  D i s t r i c t  

+Also has aux i l i a ry  water intake a t  Tennessee River Mile 568.2 

++ Includes Swan Pond Util i t y  D i s t r i c t  

VThis f igure  includes water withdrawn from sources outside of the 
20-mi 1 e radius.  



Figure 2.2-1 APPROXIMATE CENTER OF PENINSULA USED FOR DEMOGRAPHIC ANALYSIS 

2.2-39 



SCALE OF MILES 

Figure 2.2-2 URBAN AREAS W I T H I N  10 M I L E S  OF THE CL INCH R I V E R  S I T E  

2 . 2 - 4 0  





F igu re  2.2-4 SECTOR DESIGNATIONS FOR 1, 2, 3, 4, 5 AND 10 MILES 

2.2-42 



Figure  2.2-5 AEC BOUNDARY RELAT IVE  TO CL INCH R IVER S I T E  



F igure  2.2-6 URBAN CENTERS W I T H I N  50 M I L E S  OF CLINCH R I V E R  S I T E  



RECREATIONAL S I T E  
NUMBERS ARE KEYED 
TO TABLE 2 .2 -14  

F igure 2 . 2 - 7  RECREATIONAL AREAS WITHIN  10 -MILE  RADIUS OF CLINCH RIVER S I T E  



9 SCHOOL NUMBERS ARE 
KEYED TO TABLE 2 .2 -16  

F igure  2 . 2 - 8  SCHOOLS WITHIN  1 0 - M I L E  RADIUS OF CLINCH RIVER S I T E  



DAIRY HERDS 

F i g u r e  2 .2 -9  DAIRY HERDS WITHIN  1 0 - M I L E  RADIUS OF CLINCH RIVER S I T E  

2 . 2 - 4 7  



F igu re  2.2-10 EMORY R IVER VALLEY, NO. AND AVG. S I Z E  FARMS 
1939-1964(7) 



Figure 2.2-11 EMORY R I V E R  VALLEY, LIVESTOCK ON FARMS 
1939-1964(7) 



See F igure  2.2-13 f o r  
t h e  C l i n c h  R i v e r  
Consol i d a t e d  Indus tri a1 
Park 

F igu re  2.2-12 INDUSTRIAL PLANTS WITHIN 10-MILE RADIUS OF CLINCH RIVER SITE 



NUCLEAR ENVIRONMENTAL 736262 NUCLEAR ASSURANCE CO. 
ENGINEER1 NG, INC. 

SITE ACCESS 
RIGHT OF WAY U.S. NUCLEAR, I NC. 

F i g u r e  2 . 2 - 1 3  CLINCH R IVER CONSOLIDATED INDUSTRIAL  PARK 

2 .2 -51  



S 0 -5 

SCALE OF MILES 

F igure  2.2-14 CLINCH R IVER S I T E  MAJOR HIGHWAYS 

2.2-52 



I KNOXVILLE I 
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SCALE O F  M ILES  

Figure  2.2-15 COMMERCIAL A I R  TRAFF IC  PATHS NEAR CL INCH R IVER S I T E  



.INDUSTRIAL WATER SUPPLY 
NUMBERS ARE KEYED TO 
TABLE 2.2-19 

F i g u r e  2.2-16 INDUSTRIAL WATER SUPPLIES W I T H I N  1 0 - M I L E  RADIUS OF CLINCH 
RIVER S I T E  



PUBLIC WATER SUPPLY 
NUMBERS ARE KEYED TO 
TABLE 2.2-20 

F igu re  2.2-17 PUBLIC WATER SUPPLIES WITHIN 10-MILE RADIUS OF CLINCH 
RIVER SITE 



2.3 REGIONAL HISTORICAL y SCENIC, CULTURAL AND NATURAL LANDMARKS 

The f o l l o w i n g  d iscussion of features o r  landmarks, p a r t i c u l a r l y  o f  those 

loca ted on the  S i te ,  has been separated i n t o  th ree  sub-sections; 

(1  ) scenic and na tu ra l  ; (2)  h i s t o r i c a l  ; and (3)  archaeological . H i s t o r i -  
c a l  features inc lude those s t ruc tu res  o r  s i t e s  t h a t  are o f  Euro-American 

o r i g i n .  I nd ian  b u r i a l  mounds and middens are examples o f  p r e h i s t o r i c  

o r  archaeological  s i t e s .  

I n  Figure 2.3-1, archaeological  s i t e s  have been designated by t r i a n g l e s  

and h i s t o r i c a l  s i t e s  by c i r c l e s ;  one except ion i s  the Hensley Cemetery 

which has been designated by a square. Each s i t e  has a "key" number 
which has been assigned i n  accordance w i t h  the  Smithsonian Tr inomial  

S i t e  Designat ion System used throughout the  Uni ted States. I n  t h i s  

system, the  f i r s t  number o r  numbers i n d i c a t e  the s t a t e  (numbered alpha- 

b e t i c a l l y ) ,  the  l e t t e r s  i n d i c a t e  the  county i n  t h a t  s t a t e  and the f i n a l  

number o r  numbers i n d i c a t e  the sequent ia l  record ing o f  the s i t e s  d i s -  

covered i n  t h a t  county. For example, 40RE123 means t h i s  s i t e  i s  loca ted  

i n  the s t a t e  o f  Tennessee (40), Roane County (RE) and i s  the 123rd s i t e  

t o  be discovered and recorded i n  Roane County. Thus, when a new s i t e  

i s  discovered, i t  i s  assigned a "key" number and recorded i n  county, 

s t a t e  and na t i ona l  r e g i s t e r s .  

2.3.1 SCENIC AND NATURAL LANDMARKS 

Steep l imestone r idges, h i l l s  and knobs are  c h a r a c t e r i s t i c  features o f  

t he  region.  Numerous small wet-weather streams d ra in  the area and i n  

many places along the  r i v e r ,  t h i c k  a l l u v i a l  sediments form f l o o d  p la ins  

which vary i n  w id th  from a few f e e t  t o  several hundred fee t .  The p l a n t  

s i t e  and the surrounding area are heav i l y  wooded w i t h  both coniferous 

and deciduous trees. A combination o f  var ious vines, grasses, shrubs 

and t rees  forms a dense ground cover. 



The peninsula on which t h e  p l a n t  w i l l  be loca ted i s  formed by a  meander 

o f  t h e  Cl inch R iver  approximately between r i v e r  mi les  15 and 18. A  

d e t a i l e d  d e s c r i p t i o n  o f  the  area i s  i n  Sect ion 2.1 and Figure 2.1-3 

shows the CRBRP i n  r e l a t i o n  t o  the  S i t e .  

I n v e s t i g a t i o n  o f  the  S i t e  has revealed no unique po in t s  o f  scenic o r  

n a t u r a l  s i  gni  f i  cance. Natura l  landscape o f  t h e  area w i  11 r e s t r i c t  

p u b l i c  view o f  t h e  S i t e .  A  p o r t i o n  o f  the dome o f  t he  Reactor Contain- 

ment B u i l d i n g  may be v i s i b l e  from the  Gal laher  Br idge on t h e  Oak Ridge 

Turnpike. Approximately ten  homes on the  southern s ide  o f  t h e  C l inch  

R iver  w i l l  have a  l i m i t e d  view o f  the p l a n t .  Because the  S i t e  i s  owned 

by the  U. S. Government and i s  i n  the custody o f  TVA, the area has been 

r e s t r i c t e d  t o  the  p u b l i c  s ince the  1940's and v i s i t a t i o n  has been 

l i m i t e d .  Unt i  1  t he  S i t e  was proposed as the area f o r  t h e  Cl inch R iver  

Breeder Reactor P lan t  (CRBRP) , i t  had been designated by TVA f o r  indus- 

tri a1 development. (2)  
' 1 
\ 

2.3.2 HISTORIC FEATURES 

The "Nat ional  Register  o f  H i s t o r i c  Places" l i s t s  the  Museum o f  Atomic 

Energy i n  Oak Ridge and the  ORNL Graphite Reactor, both o f  which are 

w i t h i n  10 mi les  o f  the  S i t e .  Wi th in  the  boundaries o f  the S i te ,  t h e  

on ly  known c u l t u r a l  s i g n i f i c a n c e  i s  t h a t  poss ib l y  associated w i t h  t h e  

s i t e s  discussed below and shown i n  Figure 2.3-1. 

A  search was made f o r  s t ruc tu res  and s i t e s  o f  h i s t o r i c a l  s i g n i f i c a n c e  

w i t h i n  the  S i t e  boundaries. The i n v e s t i g a t i o n  was l e d  by D r .  Gerald F. 

Schroedl , Research Ass is tan t  Professor,  and D r .  P ren t i  ce M. Thomas, Jr. ,  

Ass is tan t  Professor  o f  Anthropology, from the  Department o f  Anthropology , 
U n i v e r s i t y  o f  Tennessee, i n  October 1972 and January 1973. Four Euro- 

American farmsteads (40RE120, -121, -122 and -123) and an h i s t o r i c  

cemetery (40RE119), shown i n  F igure 2.3-1, were l oca ted  and recorded. 

The f o l l o w i n g  descr ip t ions  o f  these s i t e s  were abs t rac ted  from repo r t s  

w r i t t e n  by D r .  Gerald F. ~ c h r o e d l ' ~ )  and D r .  Prent ice  M. Thomas, J r .  (4)  



S i t e  40RE119, Hensley Cemetery. The cemetery i s  l oca ted  on t he  southern 

t i p  of the  peninsula ou t s i de  t h e  c o n s t r u c t i o n  per imeter .  I t  i s  a  

fenced 75-foot-square area con ta in i ng  f i v e  marked graves. I d e n t i f i a b l e  

markers i nc l ude  those of  S. S. Hensley (1854-1927), Lou Anna Peters  

(1885-191 7),  C a l l  i e  D. Peters  (1883-1941) and S t e l l a  Harvey (1921-1922). 

These f o u r  graves a re  l oca ted  along t h e  no r the rn  edge o f  t h e  cemetery. 

I n  a d d i t i o n ,  t he re  i s  one smal l  i l l e g i b l e  meta l  marker i n  t h e  southeast  

co rner  o f  the  cemetery. Because t h e  cemetery i s  o f  l o c a l  h i s t o r i c a l  

s i gn i f i cance ,  i t  w i l l  be preserved. The Hensley f a m i l y  w i l l  r e t a i n  t h e  

r i g h t  o f  access t o  v i s i t  the  cemetery. 

S i t e  40RE120. Remains on the  s i t e  c o n s i s t  o f  a  co l l apsed  house, a  

s tanding 1  imestone f i r e p l a c e  w i t h  two opposing hearths,  a  1  imestone-1 i n e d  

r o o t  c e l l a r ,  a  r ec tangu la r  b r i c k - l i n e d  c i s t e r n ,  a  p o r t i o n  o f  a fence o f  

s p l i t  logs and a  shed. 

S i t e  40RE121. Th is  s i t e  cons i s t s  o f  t h e  remains o f  a  house, w e l l ,  c e l l a r ,  

two smal l  ou tbu i l d i ngs  and t h ree  rec tangu la r  p i t s ,  a1 1  enclosed by a  

hand -sp l i t  p i c k e t  fence. Remains o f  t h r e e  chimneys (one s tand ing  and 

two co l lapsed) ,  f o u r  l imestone corner  suppor ts  and two porch supports 

cha rac te r i ze  the house. The remains o f  a  l o g  c r i b  face  a  rec tangu la r  

s t one - l i ned  c e l l a r  on t he  south s i d e  o f  t h e  house. East o f  t h e  house 

a re  two a d d i t i o n a l  s t r uc tu res ,  a  wel l -house cover ing  a  c i r c u l a r  stone- 

l i n e d  w e l l  and the  remains o f  a  barn. 

S i t e  40RE122. The s i t e  cons i s t s  o f  a  wood frame house and barn. Both 

a r e  standing, b u t  numerous r o o f  and f l o o r  suppor ts  have co l lapsed .  Both 

s t r u c t u r e s  appear t o  date f rom t h e  e a r l y  t w e n t i e t h  century .  

S i t e  40RE123. When the  i n i t i a l  i n v e s t i g a t i o n  o f  t h e  s i t e  was made i n  

1972, a  s i n g l e  i s o l a t e d  rec tangu la r  l o g  s t r u c t u r e  was recorded. The 

s t r u c t u r e  was cons t ruc ted  o f  l a r g e  hand-hewn logs  and was covered by a  

p a r t i a l l y  co l lapsed  peak-frame r o o f .  I t  was a  s i n g l e  e n t r y  s t r u c t u r e  



which had no f i r e p l a c e  o r  windows. Th is  suggested t h a t  t he  s t r u c t u r e  

had been u t i l i z e d  as a s torage f a c i l i t y  r a t h e r  than a dwe l l i ng .  S ize  

o f  the logs and the  cons t ruc t i on  technique suggested t h a t  the  b u i l d i n g  

may have dated from the  second h a l f  o f  the  n i ne teen th  cen tu ry .  I n  

October 1973, Dr. Schroedl repor ted  t h a t  t h i s  s t r u c t u r e  had been 

destroyed sometime between October 1972 and October 1973 when t h e  

d e t a i l e d  photographs and drawings were t o  be made. O f f i c i a l s  o f  TVA 

and, i n  tu rn ,  o f f i c i a l s  o f  PMC were informed o f  t h e  i n c i d e n t .  

None o f  the above s i t e s  o r  s t r u c t u r e s  has h i s t o r i c a l  s i g n i f i c a n c e  t h a t  

would q u a l i f y  f o r  i n c l u s i o n  i n  the Nat iona l  Reg is te r .  ( 5 )  D e t a t l e d  

photographs and drawings have been completed f o r  each s i t e  and p reser -  

va t i on  o f  these s i t e s ,  o t h e r  than the  cemetery, i s  n o t  requ i red .  

A search was made f o r  o t h e r  s t r u c t u r e s  o r  s i t e s  t h a t  may have been 

missed due t o  the  dense vege ta t ion  on t he  S i t e .  I n  a d d i t i o n ,  l a n d  maps : 1 and county records, such as documents on f i l e  a t  the  McClung Museum a t  

t he  U n i v e r s i t y  o f  Tennessee, were reviewed. (6)  severa l  new s i t e s  were 

located,  photographed and recorded. None o f  these s i t e s  requ i res  p reser -  

va t i on .  

2.3.3 ARCHAEOLOGICAL FEATURES 

Resul t s  o f  the  archaeolog ica l  surveys conducted du r i ng  t he  per iods  o f  

October 13-1 5 and 27-29, 1972, i n d i c a t e d  the presence o f  s i g n i f i c a n t  

archaeolog ica l  resources. Add i t i ona l  t e s t i n g  o f  one o f  t he  s i t e s ,  a  

b u r i a l  mound ( s i t e  40RE124), was conducted by Dr. Schroedl on March 17 

and 23, 1 9 7 3 . ( ~ )  Three b u r i a l s  d iscovered du r i ng  p r e l i m i n a r y  t e s t s  on 

the  mound i n d i c a t e d  t h a t  a  more d e t a i l e d  i n v e s t i g a t i v e  program was needed. 

Previous archaeolog ica l  reconnaissance and excava t ion  had been done i n  

t he  reg ion.  I n  Apr i  1  1886, Cyrus Thomas and h i s  assoc ia tes v i s i t e d  

\ 
the  lower  C l i nch  R i ve r  and repor ted  a complex o f  mounds and assoc ia ted  



camps, v i l l a g e s  and b u r i a l s  on t he  n o r t h  s i de  o f  the  C l i nch  R iver  between 

CRM 20 and 21. (8 )  Fu r the r  archaeolog ica l  surveys were n o t  conducted 

u n t i l  1941 when reconnaissance of the  Watts Bar Reservo i r  area was 

made. (6)  A t  t h a t  t ime f i v e  s i t e s  were l oca ted  i n  the  area between 

CRM 15 and 18, b u t  none of these s i t e s  were t es ted  o r  excavated. 

A d d i t i o n a l  surveys and excavat ions a long the  C l i nch  R i v e r  were i n i t i a t e d  

i n  1960 and 1961 i n  t h e  Me1 ton  H i  11 Dam Reservoi r area. (9,lO) 

The main t h r u s t  of t he  i n v e s t i g a t i o n s  i n  1972 was t o  reevaluate the 

a rchaeo log ica l  s i t e s  l o c a t e d  d u r i n g  t he  prev ious surveys and t o  de te r -  

mine i f  o t h e r  a rchaeo log ica l  resources ex is ted .  Th i s  i n v e s t i g a t i o n  was 

concentrated i n  t he  immediate area of t he  proposed p l a n t  and along the  

a n t i c i p a t e d  rou tes  of t h e  access highway and r a i l r o a d .  No new s i t e s  
of a rchaeo log ica l  i n t e r e s t  were 1 ocated. 

Therefore,  the  1972 survey concentrated on l oca t i ng ,  t e s t i n g  and evalu-  

a t i n g  t h e  s i x  a rchaeo log ica l  s i t e s  (40RE102, -105, -106, -107, -108 and 

-124) o r i g i n a l l y  recorded du r i ng  the  1941 survey. Several t e s t  p i t s  were 

excavated a t  each o f  these s i t e s ,  b u t  d i agnos t i c  c u l t u r a l  m a t e r i a l s  were 

recovered o n l y  f rom t h e  b u r i a l  mound and the  two midden ( re fuse )  l o c a t i o n s  

(40RE124, -107 and -108, r e s p e c t i v e l y )  . These ma te r i  a l s  i n d i c a t e d  t he  

presence of s i g n i f i c a n t  a rchaeo log ica l  resources and the  need f o r  f u r t h e r  

s tudy  and excava t ion  o f  these t h ree  s i t e s .  

Locat ions o f  t he  s i x  a rchaeo log ica l  s i t e s  a re  shown i n  F igure  2.3-1. 

The s i t e  desc r i  ~ t i o n s  be1 ow were abs t rac ted  from Dr. Schroedl ' s  r epo r t s  - - 

on t h e  t e s t  excavat ions.  ( 3  3 7 )  

S i t e s  40RE104, -105 and -106. These s i t e s  y i e l d e d  few c u l t u r a l  ma te r i a l s .  

I t  was imposs ib le  t o  con f i rm  the  c u l t u r a l  a f f i l i a t i o n  o f  each s i t e  from 

the  a r t i  fac ts  recovered. Tes t  excavat ions i n d i c a t e d  no f u r t h e r  inves-  

t i g a t i o n  o f  these s i t e s  would be requ i red .  



S i t e  40RE107. C u l t u r a l  m a t e r i a l  recovered f rom t h i s  s i t e  inc luded  s i x  
c r y p t o c r y s t a l  1  i n e  ch ipp ing  deb r i s  and one c r y p t o c r y s t a l l  i ne preform. 

S i t e  40RE108. C u l t u r a l  m a t e r i a l  from t h i s  s i t e  cons is ted  o f  one k n i f e  
o r  p r o j e c t i l e  p o i n t  t i p ,  two g r i t  tempered p l a i n  body sherds, one l ime-  

stone tempered p l  a i n  body sherd , one 1  imestone tempered fabric-marked 

body sherd and numerous whole and fragmented r i v e r  mussel s h e l l s .  

S i t e  40RE124, B u r i a l  Mound. A  t e s t  excavat ion c o n s i s t i n g  o f  a  20- by 

3- foot  t rench  was made i n t o  an und is tu rbed  con ica l  b u r i a l  mound. The 
d iscovery  o f  t h r e e  b u r i a l s  and a  v a r i e t y  o f  c u l t u r a l  ma te r i a l s  i n d i -  

ca ted  t h a t  a  more d e t a i l e d  program of i n v e s t i g a t i o n  was needed. A  
s e c u r i t y  fence was e rec ted  around the  mound t o  p r o t e c t  i t  f rom vandalism. 

From p r e l i m i n a r y  analyses, i t  appeared t h a t  s i t e s  40RE107 and -108 were 

occupied du r i ng  t he  E a r l y  Woodland Period. L i t t l e  i s  known about the 

Woodland Per iod  Cu l tu res  on the  lower  C l i nch  R iver  a t  the  present  t ime. 

Fu r the r  t e s t i n g  of  40RE107 and ex tens ive  excavat ions o f  the  s h e l l  midden 

a t  40RE108 would he lp  e s t a b l i s h  poss ib l e  c u l t u r a l  r e l a t i o n s h i p s  between 

Woodland Pe r i od  s i t e s  i n  t h e  Me1 ton  H i1  1  and N o r r i s  Reservo i r  areas 

w i t h  those elsewhere i n  t he  Tennessee R i ve r  Va l ley .  A r t i f a c t s  and . 

b u r i a l s  found a t  s i t e  40RE124 suggested a  Late Woodland occupat ion and 

a  p o s s i b l e  assoc ia t i on  w i t h  the  Hami l ton Cu l t u re  occupat ions on t he  

lower  C l i n c h  R i ve r  and the  Tennessee R i ve r  i n  t he  Watts Bar Reservo i r  

area. 

An agreement (TV-39483A) was s igned between the Tennessee V a l l e y  Author- 

i t y  and t he  Department o f  Anthropology , Uni ve rs i  ty  o f  Tennessee, based 

on t he  research proposal  , "Salvage Archaeology i n  the  C l i nch  R iver  L i q u i d  

Metal  F a s t  Breeder Reactor P l a n t  Area. "(11) The proposed work inc luded  

excava t ion  and d e t a i l e d  s tudy o f  s i t e s  40RE107, -108 and -124, complet ion 

of necessary l a b o r a t o r y  analyses f o l l o w i n g  the  f i e l d  excavat ions and 

pub1 i c a t i o n  of  a  d e s c r i p t i v e  and i n t e r p r e t i v e  repo r t .  



F i e l d  excavat ions began i n  October 1973 on the  b u r i a l  mound and one mid- 

den ( s i t e s  40RE124 and -108 r e s p e c t i v e l y )  and were completed by  

February 1, 1974. Laboratory  analyses such as washing, ca ta log ing ,  

processing and ana lyz ing  the  volume o f  c u l t u r a l  remains, human s k e l e t a l  

remains, faunal remains and b o t a n i c a l  specimens w i l l  r e q u i r e  s i x  t o  

n i n e  months t o  complete. A f i n a l  r e p o r t  on t he  CRBRP archaeo log ica l  

excavat ions, i n c l u d i n g  s i t e  maps, drawings and photographs, i s  expected 

t o  be completed i n  January 1975. 

Resul ts  o f  the f i e 1  d i n v e s t i g a t i o n s  have been b r i e f l y  summarized below. 

These summaries were abs t rac ted  from Dr. Schroed l ' s  month ly  progress 
(12,13,14,15) r epo r t s .  

S i t e  40RE107. Because o f  the  t ime l i m i t a t i o n  p laced  on f i e l d  work and 

t he  necess i t y  f o r  more d e t a i l e d  excavat ion o f  s i t e s  40RE124 and -108 

than was o r i g i n a l l y  planned, no excavat ions beyond the  i n i t i a l  t e s t  p i t s  

were at tempted on s i t e  40RE107. 

S i t e  40RE108. I n i t i a l  t e s t  excavat ions revealed a s h e l l  midden which 

had been exposed by slow eros ion  o f  the  p resen t  r i v e r  bank. Fu r the r  

excavat ion on t he  eas t  s i de  o f  t h i s  s h e l l  depos i t  revea led  a smal l ,  

dark organi  c mi dden . 

A second s h e l l  midden was l o c a t e d  i n  November approx imate ly  820 f e e t  

upstream. I n  December, f u r t h e r  examinat ion o f  t he  beach and r i v e r  bank 

downstream from the  i n i t i a l  excavat ion revealed a t h i r d  b u t  s m a l l e r  

s h e l l  depos i t  (approx imate ly  260 f e e t  t o  t h e  n o r t h ) .  About 160 f e e t  

beyond t h i s  s h e l l  deposi t ,  an ex tens ive  o rgan ic  midden was exposed i n  

t h e  r i v e r  bank. L i t h i c  deb r i s  and a r t i f a c t s ,  p o t t e r y  sherds and f i r e -  

cracked rocks were assoc ia ted w i t h  t h i s  deposi t ,  b u t  no s h e l l s  were 

observed. These l a s t  two middens were n o t  recorded du r i ng  t h e  1941 survey 

of Watts Bar Reservoir .  Because these middens were i n  t he  same v i c i n i t y  

and conta ined s im i  1 a r  ceramics , they probably  represented s im i  1 a r  and 



con temporary occupations ; the  f o u r  areas may have served re1  ated , b u t  

poss ib l y  d i s t i n c t ,  a c t i v i t i e s .  

S i t e  40RE124. The most important  archaeological s i t e  loca ted  w i t h i n  the  

Si t e  boundaries was a Late Wood1 and Per iod b u r i  a1 mound. Importance 

o f  t h i s  mound can be a t t r i b u t e d  t o  th ree  unique fac ts ;  the  b u r i a l  mound 

had n o t  been plowed, s u b s t a n t i a l l y  eroded, o r  plundered by r e l i c  c o l l e c -  

t o rs .  

F i e l d  work a t  s i t e  40RE124 was completed by February 1, 1974. V i r t u a l l y  

a l l  mound sediments had been removed down t o  the o r i g i n a l  premound 

surface. A l l  b u r i a l s  and features were recorded and removed. The 

d i s t r i b u t i o n  o f  b u r i a l s  by mound const ruc t ion  stage a t  40RE124 i s  

shown i n  Table 2.3-1. These assignments are based s o l e l y  on f i e l d  i n t e r -  

p re ta t i ons  and d e t a i l e d  1 aboratory analyses w i  11 be conducted f o r  p rec ise  

determinat ion o f  the minimum number o f  i n d i v i d u a l s .  Pre l im inary  i n t e r -  

\ 1 pre ta t i ons  o f  the  recovered samples show t h a t  a probable minimum number of 

36 i n d i v i d u a l s  were i n t e r r e d  i n  the mound. 

Completed excavations c o n f i  rmed the  hypothesis t h a t  th ree  d i s t i n c t  mound 

const ruc t ion  stages e x i s t e d  as shown i n  F igure 2.3-2. Construct ion 

Stage 1 was i n i t i a t e d  w i t h  the  in terment  o f  a s i n g l e  i n d i v i d u a l  i n  a 

shal low oval p i t  dug i n t o  the premound surface. F i l l  was placed over 

the  b u r i a l  p i t  t o  form a low con ica l  mound. A second b u r i a l ,  conta in ing  

two i n d i v i d u a l s ,  was placed along the southeast edge o f  the  mound and 

more f i l l  added. Limestone slabs were then placed i n  a regu la r  densely- 

packed c i r c u l a r  con f i gu ra t i on  on the slopes o f  the mound, b u t  no s labs 

were placed on the summit. 

Construct ion Stage 2 contained 17 b u r i a l s ,  the  greates t  number recovered 

from a s i n g l e  stage. This  stage was n o t  un i fo rm ly  added t o  the o r i g i n a l  

mound. Three i n d i v i d u a l s  were i n t e r r e d  on t h e  west s ide  o f  the mound 

where po r t i ons  o f  t h e  l imestone slabs had been d i s tu rbed  o r  removed. 



The m a j o r i t y  o f  the  b u r i a l s  and the mound f i l l  were added t o  the  south 

h a l f  of t he  o r i g i n a l  mound. Thus, i n  Construct ion Stage 2 the mound 

center  g radua l l y  s h i f t e d  t o  the  southeast as shown i n  F igure 2.3-2. Most 

o f  the  i n d i v i d u a l s  were placed on t h e i r  s ide w i t h  knees i n  e i t h e r  a 

f l exed  o r  semi -fl exed p o s i t i o n  and were o r i en ta ted  clockwise around the  

mound f a c i n g  the  center .  Large l imestone slabs and charred logs  were 

placed on the  surface t o  terminate Stage 2. 

The conf igura t ion  o f  the mound again s h i f t e d  t o  the southeast dur ing  

Construct ion Stage 3 as shown i n  F igure 2.3-2. S t ra t i g raph ic  p r o f i l e s  

i nd i ca ted  t h a t  t h i s  stage d i d  n o t  completely cover the  northeast s ide 

and t h a t  considerably l e s s  moundf i l l  was u t i l i z e d  f o r  these bu r ia l s .  

F i f t een  b u r i a l s  were i n t e r r e d  i n  the f i n a l  mound const ruc t ion  stage. 

Preservat ion o f  the ske le ta l  remains associated w i t h  t h i s  stage was 

extremely poor and determinat ion of the minimum number o f  i nd i v idua ls  

w i l l  depend upon l abo ra to ry  analys is .  Large 1 imestone slabs a l s o  

marked the  te rminat ion  of Construct ion Stage 3. The cons t ruc t ion  stage 

could no t  be determined f o r  one b u r i a l .  

An unexpected bu t  important  d iscovery was t h a t  o f  an occupation midden 

adjacent t o  t he  nor theast  quar te r  of the mound. Test excavations and 

associated s t r a t i g r a p h i c  i n t e r p r e t a t i o n  o f  the mound ind i ca te  occupation 

of  t h i s  s i t e  was i n i t i a t e d  s h o r t l y  a f t e r  completion of the b u r i a l  mou-nd. 

Although the mound i s  associated w i t h  the Late Woodland Period, a r t i f a c t s  

recovered from the  midden are  t y p i c a l  of the Ear ly  Miss iss ipp ian  Period. 

One of the  most i n t r i g u i n g  archaeologi ca l  problems i n  Eastern Tennessee 

i s  the  re1  a t i  onshi p between the  Late Wood1 and Per iod Hami 1 ton Cultures 
/ 

and t h e  E a r l y  Miss iss ipp ian  Hiwasse I s l a n d  Cultures. This discovery o f  

an E a r l y  M iss i ss ipp i  an midden adjacent t o  a Late Woodland b u r i a l  mound 
- 

poss ib l y  w i l l  p rov ide new informat ion about the  r e l a t i o n s h i p  between 

these two cu l tu res .  



2.3.4 EFFECTS OF PLANT CONSTRUCTION AND OPERATION 

I n v e s t i g a t i o n  of  t h e  S i t e  has revealed no s i g n i f i c a n t  scenic  o r  n a t u r a l  

landmarks. No s t r u c t u r e s  o r  s i t e s  e x i s t  t h a t  would q u a l i f y  f o r  i n c l u s i o n  

i n  t he  Nat iona l  Regis ter .  The o n l y  s i t e  o f  l o c a l  h i s t o r i c a l  i n t e r e s t  

i s  t h e  Hensley Cemetery. Relocat ion o f  the  graves w i l l  n o t  be requ i red  

because the  cemetery i s  l oca ted  on t h e  southern t i p  o f  t he  peninsula 

beyond t h e  cons t ruc t i on  per imeter  o f  t he  CRBRP. The Hensley f a m i l y  w i l l  

r e t a i n  t h e  r i g h t  o f  access t o  t h e  cemetery. Two archaeologica l  s i t e s  

were excavated i n  depth and m a t e r i a l s  o r  a r t i f a c t s  were removed f o r  

f u r t h e r  d e t a i l e d  study. A l l  f i e l d  excavat ions on archaeologica l  s i t e s  

w i l l  be completed by the  t ime cons t ruc t i on  begins. Power l i n e s  which 

c u r r e n t l y  t r ave rse  the  S i t e  and proposed t ransmiss ion 1  i nes  fo r  t h e  

CRBRP do n o t  and w i l l  n o t  pass through any area o f  known s i g n i f i c a n c e .  

Therefore, cons t ruc t i on  and opera t ion  o f  t h e  CRBRP w i l l  have no s i g n i f i -  

, \  
cant  adverse e f f e c t  on h i s t o r i c ,  scenic,  c u l t u r a l  o r  na tu ra l  landmarks. 

\ 3 



TABLE 2.3-1 

DISTRIBUTION OF BURIALS BY MOUND CONSTRUCTION STAGE AT 40RE124 (15)  

Probable Minimum Probable Mound Cons t ruc t i on  Stage 
B u r i a l  No. o f  I n d i v i d u a l s  1 2 3 

To ta l  

1 
Undetermined 
b u t  probably  3 

1 X 
X 

Assoc ia ted w i t h  Cons t ruc t i on  Stage 3, 
b u t  cou ld  be i n t r u s i v e  

X 
X 
X 
X 

X 
X 
X 

X 
Undetermined 

X 
X 

X 
X 
X 
X 

X 
X 

X 
X 
X 
X 

X 
X 
X 

X 

*Bu r i a l  excavated, recorded and removed d u r i n g  January, 1974. 
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2.4 GEOLOGY 

2.4.1 GENERAL 

Foundat ion i n v e s t i  g a t i  ons were conducted a t  the  Cl inch R i ve r  Breeder 

Reactor P l a n t  (CRBRP) S i t e  du r i ng  the per iods o f  February 26 t o  March 17, 

1972, October 25 t o  December 29, 1972, May 15 t o  June 25, 1973 and 

September 5  t o  A p r i l  15, 1974. The t o t a l  i n v e s t i g a t i v e  program f o r  t h e  

Category I s t r u c t u r e s  cons i s ted  o f  approximately 105 bor ings  as i n d i  ca ted  

on F igure  2.4-1. These bor ings  have been d i r e c t e d  p r i m a r i l y  t o  t he  

complet ion o f  t h e  g r i d  p a t t e r n  i n i t i a t e d  by TVA i n  1972 t o  de f i ne  t he  

S i t e  geology, i n v e s t i g a t e  s i nkho le  developments occu r r i ng  i n  the general  

S i t e  v i c i n i t y  and l o c a t e  t h e  optimum l o c a t i o n  and bear ing  e l e v a t i o n  f o r  

t h e  Nuc lear  P l a n t  I s l a n d  i n c l u d i n g  assoc ia ted s t a t i c  and dynamic founda- 

t i o n  design parameters. Other geo log ic  s tud ies  inc luded  a  d e t a i l e d  

I i t e r a t u r e  review, ( ' - l o )  su r f ace  mapping, remote sensing, se ismic r e f r a c -  - 

t i o n  and r e l a t e d  geophysical  cross-hole and hole-up surveys. 

I n v e s t i g a t i o n s  o f  t h e  CRBRP S i t e  have shown t h a t  t h e  S i t e  i s  unde r l a i n  

a t  shal low depths by sedimentary rocks of  Ordov ic ian age (more than 

450 m i l l i o n  years  ago). Rock types i n  t h e  immediate v i c i n i t y  o f  t h e  

S i t e  c o n s i s t  b a s i c a l l y  of s i l t s t o n e  and l imestone w i t h  rock u n i t s  

o c c u r r i n g  as wide, no r t heas t  t r e n d i n g  bands. These u n i t s  were deformed 

du r i ng  t h e  Paleozoic  Era (more than 230 m i l  1 i o n  years ago) and are now 

t i l t e d  t o  t h e  southeast  a t  an angle o f  about 30 degrees. The P l a n t  

I s l a n d  and Category I Emergency Cool ing Tower, shown i n  F igure 2.4-2, 

w i l l  bear  e n t i r e l y  w i t h i n  a  s i l t s t o n e  band (~h ickamauga,  U n i t  A, Upper 

S i l t s t o n e )  which was found t o  be t he  most s u i t a b l e  foundat ion s t ra tum 

based on i t s  r es i s tance  t o  weather ing and i t s  engineer ing p rope r t i es .  

Category I s t r u c t u r e s  i nco rpo ra ted  i n  t he  P l a n t  I s l a n d  i nc l ude  the  

Containment B u i l d i n g ,  Reactor Serv ice B u i l d i n g ,  Steanl Generator Bui  l d i n g ,  

I n te rmed ia te  Bay, Cont ro l  Bui  l d i n g ,  Diesel  Generator B u i l d i n g  and 

,\ 
Auxi 1  i ary  Bay. 



2.4.2 GEOLOGIC HISTORY 

2.4.2.1 REGIONAL 

The CRBRP S i t e  i s  loca ted  i n  the Appalachian Highland Physiographic 

D i v i s i o n  o f  the eastern Uni ted States. Prox imi ty  o f  the  S i t e  t o  the  

physiographic provinces w i t h i n  the  Appalachian Highlands i s  shown on 

Figure 2.4-3. As the  name Appalachian Highlands imp l ies ,  t h i s  area i s  

p resent ly  character ized by rugged t e r r a i n  which var ies  from r o l l i n g  

h i . l l s  t o  mountains. Wi th in  200 mi les  o f  t he  S i t e  t h e  physiographic 

provinces inc lude I n t e r i o r  Low Plateaus, Appalachian Plateaus, Va l l ey  

Ridge, Blue Ridge and Piedmont. 

Ear ly  i n  the Paleozoic Era (600 m i l  l i o n  years ago), t h e  l o c a t i o n  of t h e  

present Appalachian Highlands Physiographic D i v i s i o n  was a geosyncl i ne 

occupied by a mediterranean sea i n  w h i a  up t o  40,000 f e e t  o f  sediments 

accumulated. The sea was never t h a t  deep, b u t  t h e  sea f l o o r  subsided 

gradua l ly  under the weight o f  the  sediments w h i l e  t he  adjacent  highlands 

rose. Some of the  c rus ta l  movements t h a t  repeatedly  occurred dur ing  the  

Paleozoic Era are recorded as unconformi t i  es which represent  i nter rup-  

ti ons of the sedimentation process. The present  Blue Ridge Physiographic 

Province coincides w i t h  the  previous boundary between the  deeper southern 

seas and the shal lower northwestern p o r t i o n  o f  the  geosyncline. I n  

e a r l i e s t  Paleozoic time, the  Piedmont Province was p a r t  o f  the  geosyn- 

c l i n e  bu t  eventua l ly  became a source area from which the  sediments were 

der ived t o  form the adjacent provinces. 

Between middle and l a t e  Paleozoic t ime, several episodes o f  d iast rophism 

occurred. Sediments southeast of the  present Blue Ridge Province were 

i n j e c t e d  w i t h  magmas and were severely  deformed. Deformation o f  sediments 
no r th  of the  Blue Ridge was r e s t r i c t e d  t o  f o l d i n g  and major t h r u s t  

f a u l t i n g  w i t h  no extensive metamorphism occurr ing.  Toward the  end of 



t he  Paleozoic Era the whole reg ion  was u p l i f t e d  and has n o t  s ince  been 

submerged except fo r  l o c a l i z e d  basins i n  the  Piedmont du r ing  the  

T r i a s s i c  Per iod (180 m i l l i o n  years ago). 

Dur ing t h e  Mesozoic (63 t o  230 m i l  l i o n  years ago) and Cenozoic Eras 

(present t o  63 m i l l i o n  years),  e ros ion  of  t he  present Appalachian 

Mountains supp l ied  the  sediments t h a t  comprise the  Coastal P l a i n  

formations. 

During t h e  Paleozoic Era, t e c t o n i c  forces d i  rec ted  toward the  northwest 

deformed the  rocks o f  t he  Appalachian Geosyncline. Deformation was 

greates t  i n  the southeastern p o r t i o n  (Piedmont and Blue Ridge) where the  

rocks were metamorphosed and i n j e c t e d  by magmas. This  p o r t i o n  was 

t h r u s t  t o  the  northwest a long boundary f a u l t s  such as the  Great Smokey 

Fau l t ,  shown i n  F igure  2.4-4. Rocks f o r  several  m i l es  t o  t h e  northwest 

o f  t h i s  boundary (Va l l ey  and Ridge) were sh ing led  i n t o  a se r ies  o f  t h r u s t  

\ 1 blocks and as many as 10 o f  these b locks can be i d e n t i f i e d  i n  Tennessee. 

The t h r u s t i n g  ab rup t l y  d imin ished toward the  northwest where a broad 

sync1 i n e  was developed (Appalachian Plateaus) and l a r g e  l a t e r a l  move- 

ments occurred along bedding. 

There were several episodes o f  t e c t o n i c  forces dur ing  the Paleozoic Era; 

however, one episode caused the  major deformations o f  the rock  s t r a t a  i n  

the  v i c i n i t y  o f  the  CRBRP S i t e .  This i s  r e f e r r e d  t o  as the  Allegheny 

Episode which occurred du r ing  the  Pennsylvanian and Permian Periods, o r  

a t  l e a s t  230 m i l l i o n  years ago. 

Regional geographic r e l a t i o n s h i p s  are shown on Figure 2.4-5 which may 

be regarded as a bedrock map. 

2.4.2.2 SITE GEOLOGY 

The CRBRP S i t e  l i e s  near t h e  western border o f  the  Appalachian geosyn- , 
c l i n e .  I n  Cambrian time, sands and c lays  were deposited i n  shal low 



muddy waters and these consolidated to  form the sandstones and shales 

of the Rome Formation. The geosyncl ine gradually depressed and the sea 

became deeper and broader. A t  the beginning of the Conasauga deposition 

the sea received a small amount of sand and much clay. Sediment load 

gradually changed until the end of the Conasauga when only limy sedi- 

ments were deposited. Throughout the succeeding Knox deposition, the 

sea was deep and s t i l l  as indicated by the great thickness of limestones 

and dolomites tha t  were deposited. A t  the close of the Knox deposition, 

the S i t e  area was up1 i f ted  s l ight ly  and exposed to  erosion. During the 

middle Ordovician, the land subsided again and was covered by a shallow 

and osci l la t ing sea in which a great thickness of calcareous shale and 

limestone was deposited. I t  was a t  t h i s  time that  the interbedded 

1 imestones, shaly 1 imestones, cal careous shales and calcareous s i  1 t s  tones 

forming the Chickamauga Unit a t  the Clinch River S i t e  were la id down. 

Silurian through Pennsylvanian deposition included sand, clay and 1 ime- 

stone. A t  the end of Paleozoic time, during the Allegheny orogenic 

episode, the rocks a t  the S i t e  were t i l t e d  to  the southeast as thrust  

fau l t s  developed beyond the S i t e  to  the southeast and northwest. Since 

Paleozoic time, weathering and erosion have been the dominant geologic 

processes a t  the S i t e  w i t h  sediment accumulation being restr ic ted to  

terrace and flood plain deposits of the Clinch River. S i t e  geology and 

physiographic relationships are shown on Figure 2.4-6 and are itemized 

in Table 2.4-1. (293) 

2.4.2.3 PHYSIOGRAPHY 

Geologic history of the S i t e  has resulted in the present day topography 

which i s  characterized by subparallel ridges with intervening valleys 

as shown in Figure 2.1-5. The major ridges are Chestnut Ridge to  the 

northwest and Dug-Hood Ridge to  the southeast. Elevations of the ridge 

crests range between 900 and 1,200 feet .  The valley separating these 

ridges i s  regionally referred t o  as Raccoon Val ley and i n  the S i t e  



vicinity locally referred to  as Poplar Springs Val ley and Bethel Val ley. 

This valley consists of roll ing h i l l s  which range between elevations of 

750 and 800 feet .  

The CRBRP S i te  i s  a peninsula formed by a U-shaped bend of the Clinch 

River approximately between CRM 15 and 18. Within the S i t e  boundaries 
Chestnut Ridge consists of two subordinate ridges which crest  a t  about 

elevation 900 fee t .  These subridges are separated by a minor ravine 

which trends northeasterly across the peninsula. A topographic saddle 

in the bottom of th is  valley r ises  to  about elevation 800 fee t .  The 
valley slopes from th i s  saddle both in a northeasterly and southwesterly 

direction down to the level of the Clinch River (normal summer pool 

741 f e e t ) .  The sides of the valley slope upward a t  an inclination of 

about 12 degrees. Major directional control of the topography in the 

vicinity of the Plant Island i s  the northeasterly s t r ike  of the under- 

lying rock s t r a t a .  Rock bedding i s  inclined down to  the southeast 

causing the various rock layers to occur as northeast-trending bands. 

The Clinch River floodplain borders the western side and the southern 

t i p  of the peninsula, as shown in Figure 2.4-6. This floodplain i s  f l a t  

t o  gently sloping and extends up t o  about elevation 752 fee t .  I t s  

maximum width i s  about 500 feet .  The floodplain i s  essent ial ly  absent 

from the eastern border of the S i t e  due to  the presence of steep bluffs. 

There are no perennial streams a t  the S i t e  and flow along valleys and 

gul l ies  occurs only a f t e r  periods of heavy ra infa l l .  Surface drainage 

from the Chestnut Ridge section of the S i te  occurs along northeast- 

trending ravines and ref lects  the control of the underlying rock s t r a t a .  

Drainage in the Poplar Springs Valley portion of the S i t e  generally 

occurs i n  a more random pattern. 



2.4.3 STRATIGRAPHY AND LITHOLOGY 

Rock i n  the  immediate v i c i n i t y  o f  t h e  S i t e  i s  comprised o f  two major 

geologic  u n i t s ,  t he  Knox Group and Chickamauga Group. Scat tered rock 

outcrops occur i n  the c e n t r a l  po r t i ons  o f  the S i te ;  however, the  rock 

i s  genera l l y  covered by a veneer o f  res idua l  s o i l ,  except i n  t h e  

southern p o r t i o n  o f  the  peninsula and near t he  r i v e r  where anc ien t  

t e r r a c e  and recent  a1 l u v i a l  s o i l s  have been deposited. 

2.4.3.1 KNOX GROUP 

The Knox Group i s  predominant ly dolomi te w i t h  l esse r  amounts o f  1 ime- 

stone and contains t h i  ck , chert -bear i  ng sequences. The Knox over1 i e s  

t h e  Conasauga Group and i s  i n  t u r n  o v e r l a i n  by the  Chickamauga Group. 

The boundary between the  Knox and Chickamauga i s  a d isconformi ty  formed 

by eros ion  o f  t h e  Knox and subsequent depos i t ion  o f  the  Chi ckamauga 

du r ing  the  Ordovi c i  an Period. 

S i t e  bor ings penet ra t ing  the  upper p o r t i o n  o f  the Knox Group encountered 

predominantly l i g h t  t o  medium gray, c r y s t a l l i n e  dolomite. Pink and 

green shale laminat ions a l so  occur i n  the  core. Pockets o f  cher t -bear ing 

calcareous s i l t s t o n e  s i m i l a r  t o  the basal p o r t i o n  o f  t he  Chickamauga 

were encountered a t  the  top  o f  the Knox and represent sediments deposited 

i n  i r r e g u l a r i t i e s  on the  pre-Chi ckamauga eros ion surface. 

2.4.3.2 CHI CKAMAUGA GROUP 

The Chi ckamauga Group cons is ts  o f  a1 t e r n a t i n g  layers  and 1 aminations o f  

maroon and gray s i l t s t o n e ,  l imestone and shale w i t h  t h i n  layers  and 

nodules o f  che r t  i n  the  lower po r t i on .  The Chickamauga Group outcrops 

on the  southeastern h a l f  of t h e  CRBRP S i t e  and i s  o v e r l a i n  by the  Rome 

Formation t o  the  southeast o f  the  Cl inch River .  The boundary between 



these two format ions i s  t he  Copper Creek F a u l t  which t runcates  t h e  upper 

p o r t i o n  o f  t h e  Chickamauga. To ta l  s t r a t i g r a p h i c  th ickness o f  t he  

Chickamauga a t  t h e  S i t e  i s  approximately 1,700 f e e t .  

The lower p o r t i o n  o f  t h e  Chickamauga i s  subdiv ided i n t o  U n i t s  A and B,  

as i 1 l u s t r a t e d  i n  F igure  2.4-7. Eleven key s t r a t i g r a p h i c  hor izons 

w i t h i n  t he  Lower Chickamauga were p rev ious l y  determined by TVA and have 

been used as a ids  i n  determin ing t h e  c o n t i n u i t y  and o r i e n t a t i o n  o f  the  

Chickamauga. 

2.4.3.2.1 UNIT A 

U n i t  A i s  t h e  basal p o r t i o n  o f  t h e  Chickamauga and i s  subdiv ided i n t o  

t he  Lower S i l t s t o n e ,  U n i t  A Limestone and U n i t  A Upper S i l t s t o n e .  U n i t  A 

Lower S i  1 t s tone  cons is ts  of a1 t e r n a t i n g  1 ayers and 1 aminat ions o f  maroon 

and gray calcareous s i l  ts tone,  gray l imestone and maroon, gray and b lack  

c h e r t  l aye rs  and nodules. Cons t i tuen t  percentages o f  the  a l t e r n a t i n g  

l aye rs  o f  t he  Chickamauga U n i t s  are being determined by measurement o f  

core samples and i n t e r p r e t a t i o n  o f  geophysical logs .  S i l t s t o n e  c o n s t i -  

t u tes  about 60 percent  o f  t he  U n i t  A Lower S i l t s t o n e .  Mineralogy s tud ies  

i n d i c a t e  the  composit ion o f  t h e  s i l t s t o n e  l aye rs  t o  be about 30 t o  

50 percent  carbonate minera ls  ( c a l c i t e  p lus  dolomi te) ,  about 30 t o  

50 percent  minute p a r t i c l e s  o f  disseminated s i  1 i ca (quar tz  p lus  c h e r t )  

w i t h  t he  remainder be ing  c lay  minera ls .  I r o n  ox ide,  up t o  about two 

percent ,  i s  a l s o  present and apparent ly  imparts t he  maroon c o l o r  t o  t he  

s i l t s t o n e .  Limestone c o n s t i t u t e s  about 30 percent o f  t h e  Lower S i l t s t o n e  

w i t h  t h e  remaining 10 percent  being che r t .  Mineralogy s tud ies  f o r  the  

l imestone l aye rs  i n d i c a t e  about 80 t o  98 percent  carbonate ma te r i a l  and 

2 t o  10 percent  c l a y  minera ls ;  t h e  remainder o f  t h e  samples c o n s i s t  o f  

f i n e l y  disseminated quar tz .  Thickness o f  the  Lower S i l t s t o n e  i s  v a r i a b l e  

because i t s  lower boundary i s  an undu la t i ng  d i scon fo rm i t y  a t  t h e  top  o f  

the  Knox Group. I t s  s t r a t i g r a p h i c  th ickness from a l l  bor ings  made t o  

date ranges between 152 and 209 fee t ,  averaging about 176 f e e t .  



U n i t  A l imestone segment i s  l i g h t  t o  dark gray l imestone w i t h  laminat ions 

and layers  o f  maroon and gray calcareous s i l t s t o n e .  About 75 percent  o f  
t h i s  segment i s  l imestone. Chert nodules occur w i t h i n  the  l imestone and 

c o n s t i t u t e  about f i v e  percent  o f  t h i s  segment. Mineralogy s tud ies  show 

t h a t  the  l imestone conta ins about 5 t o  45 percent  che r t  and c lay  mineral 

i m p u r i t i e s .  The th ickness o f  t he  U n i t  A Limestone ranges from 76 t o  

85 f e e t  i n  the  bor ings made t o  date, averaging 81 fee t .  

U n i t  A Upper S i l t s tone ,  which comprises the  foundation bear ing  s t ra tum 

f o r  the  Nuclear P lan t  I s l a n d  as shown i n  F igure 2.4-8, cons is ts  o f  

maroon and gray calcareous s i l t s t o n e  w i t h  laminat ions and l aye rs  o f  

gray a rg i l l aceous  l imestone. S i l t s t o n e  cons t i t u tes  about 80 percent  o f  

t h i s  u n i t .  Arg i l laceous l imestone occurs as t h i n  laminat ions w i t h i n  

predominant s i l t s t o n e  sect ions and as sca t te red  l aye rs  up t o  a few 

inches t h i c k .  Mineralogy s tud ies  show t h a t  t he  s i l t s t o n e  conta ins 

about 35 t o  50 percent  carbonates ( c a l c i t e  and dolomi te)  and the  a r g i l -  

laceous l imestone conta ins about 50 t o  70 percent  carbonates. S t r a t i -  

graphic th ickness o f  the  Upper S i l t s t o n e  i n  t h e  bor ings made t o  date 

ranges between 192 and 199 fee t ,  averaging about 197 f e e t .  

2.4.3.2.2 UNIT B 

U n i t  B o f  the Chickamauga Group i s  l i g h t  t o  dark gray l imestone and a r g i l -  

laceous l imestone which conta ins c h e r t  nodules. It contains laminat ions 

and l aye rs  o f  dark gray calcareous s i l t s t o n e  and i s  l o c a l l y  nodular and 

f o s s i  1 i ferous . A1 though no bor ings penetrated the  e n t i  r e  U n i t  B sequence, 

i t s  s t r a t i g r a p h i c  th ickness i s  est imated t o  be 252 f e e t .  

2.4.3.2.3 UNDIFFERENTIATED CHICKAMAUGA 

Sequences o f  t he  Chickamauga Group above U n i t  B have n o t  been d i f f e r -  

e n t i a t e d  i n  the  same manner as the lower u n i t s  du r ing  t h i s  i n v e s t i g a t i o n .  

A general desc r ip t i on  o f  t he  U n d i f f e r e n t i a t e d  Chickamauga i s  a1 t e r n a t i  ng 

maroon and gray l imestone, shale and s i l  ts tone.  
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2.4.3.3 TERRACE AND ALLUVIAL DEPOSITS 

Terrace deposi ts  form veneer over po r t i ons  o f  the  S i t e  as shown i n  

F igure 2.4-6. Th is  ma te r i a l  i s  h igh - leve l  a1 luv ium deposited by the  

C l inch  R ive r  when stream l e v e l s  were much h ighe r  than a t  the present.  

Such deposi ts  a re  genera l l y  regarded by geo log is ts  as Ple is tocene o r  

Pl iocene. Terrace deposits cons i s t  main ly  o f  orange and r e d  s i l t y  

c l a y  w i t h  t h i n  l aye rs  o f  rounded quar tz ,  c h e r t  and q u a r t z i t e  gravel . ,  

No bor ings have penetrated t h e  te r race  deposits,  b u t  based on exposures 

and topographic occurrence, they a re  est imated t o  be l ess  than 40 f e e t  

t h i c k .  

A1 luv ium under1 i e s  the C l i n c h  R iver  f l oodp la in .  One o f  t he  bor ings 

penetrated t h i s  deposit ,  encounter ing sand and c l a y  t o  a  depth of about 

32 fee t .  

" \ 
\ ,I 2.4.4 STRUCTURE 

2.4.4.1 SITE STRUCTURE 

The a t t i t u d e  o f  t he  bedding planes and j o i n t s  a t  t he  CRBRP S i t e  were 

ca l cu la ted  u t i l i z i n g  data obta ined from sur face mapping and by d e f i n i n g  

the  o r i e n t a t i o n  o f  key s t r a t i g r a p h i c  horizons t raceab le  between b o r i  ngs 

(3  p o i n t  s o l u t i o n ) .  I n t e r p r e t a t i o n s  o f  s t r u c t u r a l  fea tures  are  based 

on these data as w e l l  as observat ions o f  outcrops and rock core. 

Outcrop measurements prov ided the general a t t i t u d e  o f  the  rocks over the  

S i t e  peninsula. I n  add i t i on ,  small scale s t r u c t u r a l  d i s t o r t i o n s  were 

noted dur ing  sur face mapping. From outcrop data, t he  rock  bedding was 

measur'ed t o  s t r i k e  between n o r t h  35 degrees eas t  and n o r t h  60 degrees 

eas t  and d i p  t o  the southeast between 20 degrees and 52 degrees. 



As can be seen f rom these measurements, t h e  a t t i t u d e  o f  the  rocks i s  

q u i t e  cons is ten t .  However, smal l  sca le  drag f o l d s  are common i n  these 

rocks and were a l s o  observed a t  the  S i t e .  Such fea tures  i n c l  ude t i g h t  

f o l d s  o r  shears which extend over  s h o r t  distances -- a few inches t o  a 

few f e e t .  

Bedding s t r i k e ,  based on s t r a t i g r a p h i c  keys, i s  between no r th  48 degrees 

eas t  and n o r t h  60 degrees eas t  and t h e  d i p  i s  t o  t h e  southeast between 

24 degrees and 35 degrees. Average s t r i k e  f rom s t r a t i g r a p h i c  keys i s  

n o r t h  53 degrees eas t  w i t h  a 30 degree d i p  t o  t he  southeast.  

Minor  undulat ions i n  the  a t t i t u d e  o f  the  lower Chickamauga u n i t s  have 

been i n t e r p r e t e d  from s t r a t i  graphic  keys observed i n  t h e  rock core. 

Small drag f o l d s  and minor d i s l o c a t i o n s  i n  t h e  rock are common i n  t he  

reg ion  and are present  a t  t h e  S i t e .  I n  rock core obta ined from S i t e  

i n v e s t i g a t i o n  work, s l  i ckensided j o i n t  and bedding sur faces occur 

s p o r a d i c a l l y  and an anc ien t  rehealed shear zone can be d i s t i ngu i shed  i n  

t h e  lower p o r t i o n  o f  t he  U n i t  A Limestone. Th is  shear zone i s  essen- 

t i a l l y  a  zone o f  in terbedded s l ippage charac ter ized  by a combination o f  

s l i  ckensides, c a l c i t e  veins and one-inch t o  one-foot segments t h a t  are 

e i t h e r  severe ly  warped o r  b recc ia ted .  I t  was encountered i n  37 bor ings 

and ranges from 19 t o  47 f e e t  t h i c k ,  averaging 35 f e e t  t h i c k .  

Minor s t r u c t u r e s  observed a t  the  S i t e ,  i n c l u d i n g  the  in terbedded s l ippage 

noted i n  t he  core, are common t o  t he  reg ion  and represent  anc ien t  ad jus t -  

ments (more than 230 m i l  l i o n  years ago). 

2.4.4.2 NEARBY TECTONIC STRUCTURES 

A t e c t o n i c  s t r u c t u r e  i s  a l a r g e  sca le  d i s l o c a t i o n  o r  d i s t o r t i o n  w i t h i n  

t he  e a r t h ' s  c r u s t  w i t h  i t s  e x t e n t  measured i n  mi les .  Tec ton ic  s t r u c t u r e s  

i n  t he  Val l e y  and Ridge cons i s t  o f  numerous Paleozoic  t h r u s t  f a u l t s  and 

f o l d s .  The CRBRP S i t e  i s  s i t u a t e d  between t h e  t races  o f  two i n a c t i v e  



t e c t o n i  c s t r u c t u r e s  : t h e  Copper Creek and Whiteoak Mountain t h r u s t  

f a u l t s ,  shown i n  Figures 2.4-9 and 2.4-10. Both o f  these f a u l t s  have 

been i n v e s t i g a t e d  and i t  has been concluded t h a t  t he re  i s  no reason t o  

suspect any post-Paleozoi c a c t i  v i  ty associated w i t h  them. Even though 

t h e  i n a c t i v e  t e c t o n i c  s t r u c t u r e s  w i t h i n  t h e  Va l ley  and Ridge do n o t  

a f f e c t  the determinat ion o f  t h e  Safe Shutdown Earthquake, they  are 

discussed below. 

2.4.4.2.1 COPPER CREEK FAULT 

The Copper Creek Faul t i s  mapped approximately 100 m i  l e s  i n  1 ength and 

the  CRBRP S i t e  i s  l o c a t e d  near  i t s  mid-point .  Shor test  d is tance from 

the CRBRP P l a n t  I s l a n d  t o  t he  f a u l t  t r a c e  i s  about 3,200 fee t ,  south. 

I n  t h e  S i t e  v i c i n i t y ,  t h e  f a u l t  s t r i k e s  n o r t h  52 degrees eas t  and d ips 

southeast (away f rom the  S i t e )  a t  an angle of about 27 degrees measured 

' \  
a t  t h e  ground sur face.  Nearby bor ings  i n d i c a t e  t h a t  t he  d i p  angle 

, 1 decreases w i t h  depth. I n  the  S i t e  area, the Copper Creek F a u l t  has 

t h r u s t  t he  Rome Formation over  younger rocks o f  t h e  Chickamauga Group 

f o r  a h o r i z o n t a l  d is tance es t imated  t o  be i n  mi les.  The s t r a t i g r a p h i c  

displacement i s  approximately 7,200 f e e t .  About 65 mi l e s  southeast o f  

t h e  S i t e ,  t he  f a u l t  becomes a complex zone and merges w i t h  t h e  Whiteoak 

Mountain Fau l t .  

The t r a c e  o f  Copper Creek F a u l t  was i d e n t i . f i e d  a t  several  outcrop loca-  

t i o n s  i n  t he  v i c i n i t y  o f  t h e  S i t e  and i n  one o f  t h e  s i t e  bor ings,  as 

seen on Figure 2.4-9. Add i t i ona l  data was obta ined from- the  Joy Test  

Well (JTW) which penetrated the  Copper Creek F a u l t  a t  a depth o f  about 

2,370 f e e t .  

Best exposure o f  t h e  Copper Creek F a u l t  near t he  S i t e  i s  a t  t he  1-40 

road c u t  about two mi les  southwest of t h e  S i t e .  A t  t h i s  l o c a t i o n ,  t h e  

f a u l t  i s  an e igh t - i nch  my lon i t e  l aye r .  The hanging w a l l  i s  a dark gray 

dolomi te o f  t h e  Rome Formation and the  f o o t  w a l l  i s  a gray l imestone o f  
\ 
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t h e  Chickamauga Group. Except f o r  minor undulat ions,  t h e  beds on both 

sides o f  the  f a u l t  are undisturbed. The Rome beds s t r i k e  no r th  55 degrees 

east  and d i p  35 degrees southeast;  t he  ~hickamauga beds s t r i k e  no r th  

53 degrees eas t  and d i p  29 degrees southeast. Apparent d i p  o f  the  f a u l t  

t r a c e  i s  20 degrees, which imp l i es  a 27 degree d i p  f o r  the  f a u l t  plane a t  

t h i s  l o c a t i o n .  

~ e ~ r e s e n t a t i v e  samples o f  t h e  my lon i te  and the  adjacent hanging w a l l  

(Rome Formation) and f o o t  w a l l  (Chickamauga Group) o f  the Copper Creek 

F a u l t  were obta ined f o r  age determinat ions. Whole rock po tass i  um-argon 

d a t i n g  gives an age o f  about 760 and 530 mi 1 l i o n s  o f  years f o r  the 

hanging wa l l  and f o o t  w a l l  country rocks, respec t i ve l y  , as can be seen 

i n  Table 2.4-2. Age o f  the my lon i te  i s  about 285 m i l l i o n  years. These 

dates con f i  m previous work o f  exper ts  i n  the  Va l ley  and Ridge (1,,3,5,10 , l l )  

and i n d i c a t e  t h a t  t he  l a s t  a c t i v e  p e r i o d  o f  Ridge and Va l ley  tectonism 

was l a t e  Paleozoic. 

2.4.4.2.2 WHITEOAK MOUNTAIN FAULT 

Whiteoak Mountain F a u l t  i s  composed o f  a main t h r u s t  f a u l t  and several 

subs id ia ry  t h r u s t  f a u l t s  branching from t h e  main t h r u s t .  The f a u l t  

extends southeaster ly  across the  s t a t e  from a p o i n t  near  C l i n ton ,  

Tennessee, about f o u r  mi les  nor theast  o f  the Oak Ridge Reservation. 

Rome Formati on (Cambri an) over1 i e s  younger rocks o f  Ordovi c i  an Age a1 ong 

the  Fau l t .  Nearest t r a c e  o f  the  Whiteoak Mountain F a u l t  system i s  two 

mi les  from the  Si. te.  The main f a u l t  and i t s  subs id ia r i es  d i p  t o  the  

southeast,  a t  an i n c l i n a t i o n  est imated t o  be 45 t o  50 degrees, w i t h  the  

angle probably decreasing w i t h  depth. Data from outcrops and from a deep 

core ho le  d r i l l e d  about f o u r  mi les  eas t  o f  the CRBRP s i t e ( 1 2 )  i n d i c a t e  

t h a t  t he  Whiteoak Mountain F a u l t  and i t s  subs id ia r i es  are deeper than 

2,000 f e e t  a t  t h e  Si t e  . 



2.4.5 SOLUTION ACTIVITY 

S l i g h t l y  a c i d i c  groundwater produces s o l u t i o n i n g  i n  carbonate rocks. 

Ex ten t  o f  s o l u t i o n i n g  i s  dependent upon t h e i r  minera log ica l  composit ion. 

I n  areas where the  rocks a re  l imestones and dolomites, s o l u t i o n i n g  i s  

severe. The degree o f  s o l u t i o n i n g  decreases as the  rocks grade towards 

more s i l i c e o u s  and c layey sediments. I n  those sediments which do n o t  

con ta in  carbonate ma te r ia l s ,  s o l u t i o n i n g  i s  negl i g i b l  e. So lu t i on ing  

genera l l y  advances along s t r u c t u r a l  fea tures  such as j o i n t s  and bedding 

and advanced stages produce nea r l y  p lanar  zones which d imin ish  i n  s i z e  

w i t h  depth. Steeply i n c l i n e d  s o l u t i o n  j o i n t s  a r e  o f t e n  s o i l  f i l l e d  and 

a re  commonly r e f e r r e d  t o  as s l o t s .  So lu t i on ing  o f  carbonate rock i s  

expressed a t  the ground sur face by sur face depressions and dropouts 

commonly r e f e r r e d  t o  as s inks,  which genera l l y  r e s u l t  f rom r a v e l l i n g  o f  

s o i l  overburden i n t o  t h e  under ly ing  caves and s l o t s .  Shapes o f  the  

s inks  a r e  governed by the  ex ten t  t o  which r a v e l l i n g  has progressed and 

t h e  overburden th ickness.  Sinks vary  i n  shape from near l y  c i r c u l a r  t o  

elongated and i n  ho r i zon ta l  ex ten t  from a few f e e t  t o  several hundred 

f e e t .  I n  cross-sect ion they vary  from sauce r l i ke  t o  steepsided. 

Sinkholes were noted i n  t h a t  p o r t i o n  o f  the  S i t e  where the  Knox outcrops 

and i n  t he  southeast p o r t i o n  where the U n i t s  B and C o f  the  Chickamauga 

outcrop. Sinkholes i n  these areas occur as: (1 ) small diameter v e r t i c a l  

holes l ess  than one f o o t ;  (2)  asymmetrical depressions which a re  genera l l y  

l e s s  than 100 f e e t  across and 10 t o  15 f e e t  deep; and (3)  gen t l e  sided 

depressions which a r e  several hundred f e e t  across and 10 t o  15 f e e t  deep, 

as shown on F igure  2.4-6. Only a few small-diameter v e r t i c a l  holes were 

noted i n  the outcrop area o f  the  U n i t  A Limestone. No evidence o f  s ink-  

ho le  fo rmat ion  was noted i n  t he  U n i t  A Upper S i l  t s tone stratum. 

2.4.6 PHYSICAL CHARACTER OF THE ROCKS 

Rock a t  t h e  S i t e  weathers t o  c layey res idua l  s o i l  which l o c a l l y  conta ins 
\ 
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c h e r t  g rave l .  Depth o f  s o i l  va r i es  from one f o o t  t o  56 f e e t  i n  bor ings i n  



t he  P l a n t  I s l a n d  v i c i n i t y  and i s  a maximum o f  78 f e e t  deep i n  the  nor th -  

eastern p o r t i o n  o f  the  S i t e .  U n i t  A Upper S i l t s t o n e  residuum ranges from 

one foo t  t o  29 f e e t  deep i n  the bor ings and s o i l  depths over the  U n i t  A 

and B Limestones range from 12 t o  54 fee t  and 8 t o  56 f e e t ,  respec t i ve l y .  

S o i l  overburden above the  U n i t  A Lower S i l t s t o n e  i s  11 t o  39 f e e t  deep. 

Northwest o f  t he  p l a n t  s t ruc tu res  the  Knox dolomi te occurs and i s  covered 

w i t h  overburden ranging from two t o  78 f e e t  i n  t h e  borings. 

Weathering w i t h i n  the  rock  occurs as s o l u t i o n  widening o f  j o i n t s  and 

bedding fea tures .  I n  areas where the  1 imestones and dolomites outcrop, 

rock  weathering along j o i n t s  i s  t h e  g rea tes t  (zero t o  73 f e e t  below top  

o f  rock) .  I n  areas where Upper S i l  t s tone  outcrops, rock  weathering i s  

minimal (zero t o  57 f e e t ) .  The top  o f  continuous rock  has been def ined 

as rock  which does n o t  con ta in  any s i g n i f i c a n t  weathered o r  so lu t ioned 

d i s c o n t i n u i t i e s .  

Topography o f  t h e  S i t e  i s  governed by t h e  rock  types and t h e i r  r e s u l t a n t  

res idua l  s o i l  cover. U n i t  A Upper S i l t s t o n e  residuum i s  a r e a d i l y  e r o d i b l e  

s o i l  type which r e s u l t s  i n  a t h i n  s o i l  cover. A small v a l l e y  has developed 

through t h i s  e a s i l y  e r o d i b l e  m a t e r i a l .  I n  t h i s  u n i t ,  sound and continuous 

rock,  f r e e  o f  s i g n i f i c a n t  weathering and so lu t i on ing ,  occurs w i t h i n  a t  

l e a s t  about 43 f e e t  o f  t he  ground sur face i n  t h e  outcrop area. 

The s lope immediately northwest o f  t he  p rev ious l y  discussed v a l l e y  i s  

under la in  by t h e  U n i t  A Limestone. I n  t h i s  area, t h e  c l a y  residuum i s  

more r e s i s t a n t  t o  eros ion r e s u l t i n g  i n  t he  t h i c k e r  overburden above the 

l imestone. I n  t he  U n i t  A Limestone outcrop area, t h e  l imestone has 

undergone weathering and s o l u t i o n i n g  a long j o i n t s  and pa r t i ngs  t o  a 

maximum depth o f  about 100 f e e t .  U n i t  A Limestone d ips  beneath the  

impermeable Upper S i l t s t o n e  near t he  bottom o f  t h e  v a l l e y .  Where the  

l imestone i s  covered by the  impermeable s i l t s t o n e ,  t he  bor ings i n d i c a t e  

t h a t  s i g n i f i c a n t  weathering and s o l u t i o n i n g  have n o t  occurred. 
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I ,  

Along the  southeast 1 i m i t s  o f  the  p l a n t  s t ruc tures ,  t h e  r i d g e  i s  under- 

l a i n  by the  U n i t  B Limestone. Overburden th ickness i n  t h i s  area extends 

t o  s i m i l a r  depths as the l imestone area discussed above ( 8  t o  56 f e e t  

deep). Weathering and s o l u t i o n i n g  o f  t h e  under ly ing  l imestone has extended 

t o  a maximum depth o f  about 100 f e e t .  Below t h i s  depth, j o i n t s  penetrated 

by bor ings do n o t  i n d i c a t e  any s i g n i f i c a n t  weathering o r  so lu t i on ing .  

U n i t  A Lower S i l t s t o n e  outcrops on the  c r e s t  and the  nor thern  f l a n k  o f  

the  r i d g e  northwest o f  the  small v a l l e y .  I n  t h i s  area the  depth o f  

overburden extends t o  a maximum o f  about 37 f e e t .  Rocks which c o n s i s t  

o f  s i  1  ts tone and 1 imestone have undergone weathering and so l  u t i o n i  ng t o  

a depth o f  about 85 f e e t  below top  of rock. Depth o f  maximum weathering 

and s o l u t i o n i n g  corresponds t o  mean sea l e v e l  (MSL) e leva t ions  o f  about 

750 t o  850 f e e t .  Toward the  southern ex t rem i t y  o f  the  Lower S i l t s t o n e  

outcrop bank, a smal l  a n t i c l  i n a l  f o l d  occurs. W i th in  the  a n t i c l  i n a l  

area, t he  rock  i s  apparent ly  more ex tens i ve l y  j o in ted ,  f a c i l i t a t i n g  
'- ) 
\ .  d , deeper weathering. Maximum depth o f  weathering and s o l u t i o n i n g  w i t h i n  

t h i s  a n t i c l i n a l  area i s  108 f e e t ,  corresponding t o  an approximate eleva- 

t i o n  o f  704 f e e t  MSL. 

The Knox Group outcrops on the  northwest f l a n k  o f  t h e  r i d g e  northwest o f  

t he  small v a l l e y .  The most prominent f e a t u r e  o f  the  Knox outcrop zone 

i s  a bank o f  s inkholes which a re  genera l l y  a l i gned .a long  the  bedding 

plane s t r i k e .  Borings, which penetrated through the  lower Chickamauga 

s t r a t a  i n t o  the  Knox Group, d i d  n o t  encounter any weathering o r  so lu -  

t i o n i n g  a t  the Knox contac t  o r  w i t h i n  the  Knox. 

The s o i l - r o c k  p r o f i l e  f o r  i n c l i n e d  s t r a t a  o f  l imestone and dolomi te i s  

t y p i c a l l y  q u i t e  i r r e g u l a r ,  e x h i b i t i n g  rock  p innacles and i n te rven ing  

gaps. These i r r e g u l a r i t i e s  a re  developed by solut ion-widening along 

j o i n t s  and t o  a l e s s e r  ex ten t  along bedding. A wide range o f  s o i l  depths 

over t he  Knox Group, Chickamauga U n i t  A Limestone and Chickamauga U n i t  B 

Limestone r e f l e c t s  these i r r e g u l a r i t i e s .  Weathering has advanced from 
\ 
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t he  sur face along j o i n t s  and pa r t i ngs  i n  the rock t o  produce s o i l  seams 

and c a v i t i e s  t h a t  range from less  than one i nch  t o  14 f e e t  i n  t he  bor ings.  

Frequency and s i z e  o f  s o i l  seams and c a v i t i e s  produced by weathering and 

so l  u t i o n i n g  d im in i sh  w i t h  depth. Occurrence o f  such d i s c o n t i n u i t i e s  i s  

dependent on the  surface exposure o f  the  i n d i v i d u a l  l imestone u n i t s  and 

j o i n t  frequency. 

Ranges o f  s t a t i c  p rope r t i es  by p re l im ina ry  l abo ra to ry  t e s t i n g  o f  rock  

and i n  s i t u  t e s t i n g  i n  base holes obtained from the  upper s i l t s t o n e  st ratum 

a t  t he  S i t e  a r e  as fo l l ows :  

1. Unconfined compressive s t reng th  - 1,500 t o  12,000 p s i ;  

5 6 2. Young's modulus - 3 x 10 t o  3 x 10 ps i ;  

3. Dry u n i t  weight  - 150 t o  170 pc f ;  and 

4. Mo is tu re  content  - 0.1 t o  3.3 percent. 

Dynamic p rope r t i es  o f  t he  rocks were determined by measuring the v e l o c i t y  

o f  compression and shear waves. Three t e s t  methods were used i n  order  t o  

evaluate the  range o f  v e l o c i t i e s .  The methods were as fo l l ows :  

1 . Continuous v e l o c i t y  borehol e 1 oggi ng ; 

2. Seismic up-hole surveys; and 

3. Seismic cross-hole surveys. 

Pre l im inary  r e s u l t s  o f  t he  cross-hole v e l o c i t y  measurements a re  provided 

i n  Table 2.4-3. Dynamic p rope r t i es  evaluated i nc lude  Bulk Modulus o f  

E l a s t i c i t y ,  Young's Modulus o f  E l a s t i c i t y ,  Shear Modulus o f  E l a s t i c i t y  

and Poisson's Rat io.  



TABLE 2.4-1 

Era - 
Cenozoic 

Cenozoic 

Cenozoic 

STRATIGRAPHIC UNITS  - V I C I N I T Y  OF CRBRP S I T E  

CRBRP PROJECT 

Geologic 
Pe r iod  Epoch U n i t  

Quaternary  Recent Recent A1 1  u v i  urn 

Quaternary  P le i s tocene  Anc ient  Terrace 
Deposi ts 

T e r t i a r y  P l  i ocene Anc ient  Terrace 
Deposi ts 

Pa leozo ic  Ordov ic ian 

Paleozoi  c  Ordovi c i  an 
Cambrian 

Chickamauga 
Formation 

Knox Group 

Thickness 
Feet D e s c r i p t i o n  and Loca t ion  

Less than 40 Clay, sand and grave l  
Located i n  f l o o d  p l a i n  
a long r i v e r  

Less than 40 Dessicated c lay ,  sand and 
g rave l .  High l e v e l  anc ien t  
stream depos i ts  , above 
recen t  f 1  ood p l a i n  

Less than 40 Dessicated c lay ,  sand and 
g rave l .  High l e v e l  anc ien t  
stream deposi t s  , above 
recen t  f l ood  p l a i n  

1,700* Gray l imestone and shale,  
maroon calcareous s i l t s t o n e  
and sha le  under l i es  south- 
eastern  h a l f  o f  S i t e  

3,000 Gray dolomite,  conta ins  
nodules and l a y e r s  o f  che r t .  
Under1 i es northwestern ha1 f 
o f  S i t e  

( C o n t i n u e d )  



Era - Period 

Paleozoic Cambrian 

Paleozoic Cambrian 

Epoch 

- - 

TABLE 2.4-1 (Cont inued)  

Geologic Thickness 
Un i t  Feet Descr ip t ion  and Location 

Conasauga Group 1,500 Gray and brown shale and 
s i  1 tstone,  w i t h  1 imestone. 
Borders Knox Group t o  the 
northeast  (no outcrops w i t h i n  
s i t e  l i m i t s )  

Rome Formation 8OOX* Maroon, tan and brown s i l t -  
stone, sandstone and shale, 
w i t h  m i  nor do1 omi t e .  Borders 
Chi ckamauga format ion t o  the 
southeast o f  S i t e  

* Formation i s  t h i c k e r  than i nd i ca ted  but  upper po r t i on  was t runcated by Copper Creek Faul t .  

**Formation i s  t h i c k e r  than ind ica ted bu t  lower p o r t i o n  was t runcated by Copper Creek Fau l t .  



TABLE 2.4-2 

RADIOMETRIC AGE DETERMINATIONS 

CRBRP PROJECT 

Sample and Locat ion 

Copper Creek F a u l t  My lon i te  
1-40 Roadcut (souths ide)  
(Sample No. 1)  

Copper Creek F a u l t  My lon i te  
1-40 Roadcut (sou ths i  de) 
( A c i d  i n s o l u b l e  res idue 
o f  Sample No. 1 )  

Chi ckamauga Formati on 
Limestone Sample 
1-40 Roadcut (souths ide)  
(near  Sample No. 1) 

Rome Formation 
Do1 omi t e  Sample 
1-40 Roadcut (sou ths i  de) 
(near  Sample No. 1 ) 

My lon i t e  - from Fau l ted  Diabase 
Dike - Lanford Mine, South 
Caro l ina,  S. C. S ta te  Hwy. 49 
and 1-26 

Radi omet ri c Age 
( M i l l i o n  Years) 

Approximately 150 

*The Radiometr ic Age determined i s  f o r  d e t r i t a l  ma te r i a l  i n  sample and 
represents t h e  age o f  t he  source (paren t )  m a t e r i a l  r a t h e r  than the  
age o f  depos i t i on  o r  f a u l t i n g .  



TABLE 2.4-3 

PRELIMINARY TABULATIONS - COMPRESSIONAL AND SHEAR WAVE VELOCIT IES  AND ELASTIC  MODULI CALCULATIONS 
A T  THE CRBRP S I T E *  

Average Average Esei s  Gseis Kseis  
"P" Wave "S" Wave Young's Shear Bulk 

Geologic V e l o c i t y  V e l o c i t y  U n i t  Wei j h t  Poissonls Modul us Modulus Modulus 
Mate r ia l  ( f t / s e c )  ( f t / s e c )  ( I  b s / f t  ) Ra t io  I l b s / i n 2  x  106) ( l b s / i n 2 x 1 0 6 )  ( 1 b s / i n 2 x 1 o 6 )  

S i  1  ts tone 15,470 6,760 165 0.382 4.50 1.63 6.35 

Limestone 18,380 8,380 165 0.369 6.85 2.50 8.70 

- - 

*33 Series d r i l l  ho le  a r ray  



Figure 2.4-1 TEST BORING LOCATIONS AT CRBRP S I T E  
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(SHE FIG. 2.4-7) 
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F i g u r e  2.4-2 PLAN OF CRBRP ISLAND STRUCTURES AND CATEGORY I COOLING TOWER 



Figure 2 .4 -3  -REGIONAL PHYSIOGRAPHIC MAP OF CRBRP S I T E  ( 1 3 )  
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Figure 2.4-5 REGIONAL GEOLOGIC MAP OF CRBRP SITE (15) 





DESCRIPTION A a a  

PRCDOMINANTLY DARK QRAY . THIN 

BEDDED. NOOUUR . ARQILUCEOUS 
UMESTONE WlTH SOME I NTCRBEDDED 

T H I N .  CALCAREOUS S H A U  . CONTAINS 
KEY HORIZON L .  

ALTCRNATINO ZONES OF MEDIUM T O  

LIGHT GRAY. DENSE T O  COARSE G R A I E D  

CHERTY LIMESTONE AND DARK QRAY. 

ARQILUCEOUS.  N O D U U R  L IMESTONE.  
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MOTTLED. F INE T O  MEDIUM CRYSTAL'+ 

LINE DOLOMITE. CONTAINS POCKETS OF 

M A T E R I A L  S I M I U R  T O  UNIT A WHICH 
WERE DEPOSITED I N  IRREGULARITIES 

ON THE PRE-CHICKAMAUGA EROSION 

SURFACE. 

CHICKAMAUOA 

. FORMATION 

NOTE: A THRU L ARE KEY HORIZONS. 

F igure 2.4-7 STRATIGRAPHIC SECTION A T  S I T E  OF 
CRBRP PROJECT 



KEY - DESCRIPTIOJ 

Black chert horizon containing red jasper specks. 
Lowest key in the Chickamauga. 

Definite contact between maroon siltstone and 
mottled limestone. 

C Top of prominent fossiliferous zone. 

Contact between siltstone and limestone portions of 
Unit A .  

E 6" siltstone horizon between two limestone horizons. 

Contact between greenish-gray and maroon siltstones 
near top of Unit A .  

Contact between thin bedded, laminated limestone 
and nodular; irregular-bedded limestone. 

Base of prominent unit of medium gray coarse-gr ined 
massive limestone sandwiched between two zones o? 
thin bedded, dark limestones. 

Contact between dark, thin bedded, shaly limestone 
underlain by light gray, thin-bedded limestones. 

K Base of finely speckled fossiliferous zone. 

Contact between irregular bedded light gray to dark 
gray banded limestone underlain by dark thin bedded 
li~~estone. 

Note: These eleven key stratigraphic horizons were identified (TVA, 1972 
at the CRBRP site for the purpose of determining areal strike and dip of 
the strata and for correlating between drill holes. 

F igu re  2.4-7 STRATIGRAPHIC SECTION AT S I T E  OF 
CRBRP PROJECT - KEY 
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2.5 HYDROLOGY 

2.5.1 SURFACE WATER 

The S i t e  i s  loca ted  on a peninsula formed by a meander o f  the C l inch  

R iver  between r i v e r  m i l es  14.5 and 18.6. Headwaters o f  the  C l inch  R iver  

a re  i n  Tazewell County, V i r g i n i a ,  about 175 a i r l i n e  mi les  nor theas t  o f  

the S i t e .  From i t s  headwaters, the c l i n c h  R ive r  f lows approximately 

350 r i v e r  m i l es  i n  a southwester ly d i r e c t i o n  t o  i t s  conf luence w i t h  the  

Tennessee R iver  a t  Tennessee R ive r  M i  1 e 567.8, near Kings ton, Tennessee. 

The r i v e r  bas in  l i e s  i n  t he  Va l ley  and Ridge physiographic province, 

discussed i n  Sect ion 2.4, which i s  character ized by comparat ively narrow 

p a r a l l e l  r idges  and somewhat broader i n te rven ing  va l l eys  l y i n g  i n  a 

northeast-southwest d i r e c t i o n .  Northwestern boundary o f  the  bas in  i s  

formed by the  Cumberland Mountains which range up t o  4,200 f e e t  above 

sea l e v e l ;  the  southeastern boundary fo l l ows  C l inch  Mountain and Black 

Oak Ridge w i t h  e leva t ions  ranging up t o  4,700 f e e t .  Forests cover 

approximately h a l f  t he  land area o f  the  r i v e r  basin. Slope o f  the  C l i nch  

R iver  bed from N o r r i s  Dam a t  C l i nch  R iver  M i l e  (CRM) 79.8 t o  CRM 7 

averages about one and one-half  f e e t  per  r i v e r  mi le ,  i n c l u d i n g  the  l i f t  

o f  Melton H i l l  Dam. ) Water l e v e l  o f  the  C l i nch  R iver  a t  the S i t e  i s  

approximately 741 f e e t  above mean sea l e v e l  (MSL). P l a n t  grade w i l l  be 

a t  815 MSL, p lac ing  the  CRBRP about 74 f e e t  above the  water l e v e l  of the 

r i  ver  . 

Topography o f  the  S i te ,  as shown i n  F igure  2.5-1, i s  charac ter ized by a 

se r ies  o f  para1 l e l  r idges  separated by long, narrow val  l eys  extending i n  

a northeast-southwest d i r e c t i o n .  There are  no perennia l  streams on the  

S i t e ;  however, a f t e r  a heavy r a i n ,  sur face water f lows from t h e  r idges  

i n t o  va l l eys  and g u l l i e s  which d r a i n  i n t o  the  r i v e r .  Drainage area i s  

3,368 square m i les  a t  CRM 17.8 and 3,380 square m i les  a t  CRM 15.5. (2 )  

I t  i s  n o t  a n t i c i p a t e d  t h a t  cons t ruc t ion  o f  the  CRBRP w i l l  a l t e r  the 

d,rainage p a t t e r n  o f  the S i t e .  



2.5.1.1 TRIBUTARIES 

Major t r i b u t a r i e s  o f  the C l i nch  R iver  a re  the  Powell and Emory Rivers. 

The Powell River,  which p a r a l l e l s  the  C l i nch  R iver  about 10 m i les  t o  the 

no r th  throughout most o f  i t s  length,  j o i n s  the  C l i nch  R iver  a t  CRM 88.8. 

Drainage area a t  t he  mouth o f  the  Powell R i ve r  i s  938 square mi les .  The 

Powell River  enters the C l inch  R iver  above Nor r i s  Dam; there fore ,  annual 

average f l o w  and peak f l o o d  data from the  Powell R iver  a re  n o t  app l i cab le  

t o  the  S i t e .  The Emory River ,  w i t h  a  drainage area o f  865 square mi les,  

enters the C l i nch  R iver  southeast o f  Harriman, Tennessee, a t  CRM 4.4. 

Annual average f l o w  o f  the  Emory R iver  i s  1,590 c f s  and the peak flow, 

occu r r i ng  on March 23, 1929, was est imated as 195,000 c f s  a t  t he  mouth. 

Three minor t r i b u t a r i e s  which en te r  the  C l inch  R iver  between N o r r i s  Dam 

and Melton H i l l  Dam are Beaver Creek, B u l l r u n  Creek and Hinds Creek. 

These th ree  streams en te r  from the  south a t  CRM 39.6, 46.7 and 65.8, 

respec t i ve l y .  Annual average f lows and peak f l o o d  data f o r  these 

creeks a re  n o t  app l i cab le  t o  t h e  S i t e  because they en te r  the  C l inch  R iver  

above Melton H i l l  Dam. Poplar Creek, a  minor t r i b u t a r y  below Melton 

H i l l  Dam, enters the C l inch  R iver  from the  n o r t h  a t  CRM 12.0. The 

average annual f l o w  o f  Poplar Creek i s  260 c f s  and drainage area a t  the  

mouth i s  136 square mi les .  

Several o ther  small streams and sloughs en te r  the C l inch  R iver  near the 

S i te ;  however, they are  n o t  considered t o  be s i g n i f i c a n t  t r i b u t a r i e s  

from the  standpoint  o f  water f l o w  c o n t r i b u t i o n  t o  the  C l i nch  River .  

Caney Creek which enters from t h e  south a t  CRM 17 has a  drainage area 

a t  t h e  mouth o f  8.27 square m i les  and an average f l o w  o f  14 c f s .  Pop- 

l a r  Springs Creek a t  CRM 16.2 has a  drainage area o f  3.01 square mi les-  

a t  the  mouth and an average f l o w  o f  5  c f s .  Grassy Creek en te r i ng  from 

the n o r t h  a t  CRM 14.5 has a  drainage area o f  1.95 square m i les  and an 

average f l o w  o f  3  c f s .  The combined average f lows o f  these creeks t o t a l  

22 c f s  which i s  on ly  0.5 percent  o f  the  C l inch  R iver  f l ow  a t  the  S i t e .  



2.5.1.2 WATER FLOW 

Stream gages had been maintained by the U. S. Geological Survey on the 

Clinch River a t  the three locations l i s t e d  i n  Table 2.5-1. Gages were 

maintained a t  these locations fo r  various time periods from 1936 through 

1968.(3y4y5y6)  A t  the present time, no stream gages a re  being operated 

i n  the v ic in i ty  of the S i t e .  

Based upon these stream gage records from the  three  locations,  the 

average flow of the Clinch River was 4,561 c fs .  ( 3y4y5y6)  The maximum 

discharge during the period was 42,900 c fs  and occurred on February 9, 

1 9 3 7 , ' ~ )  before the closing of Melton Hill Dam. Based on discharge 

records from Melton Hill Dam since the closing i n  1963, the average 

annual flow i s  about 4,800 c f s  a t  the  ~i t e .  ( 7 )  The maximum hourly 

average re lease  was 43,400 c f s  and the  maximum dai ly  average re lease  

was 26,900 c fs ;  both occurred on March 16, 1973 a t  Melton Hill Dam. (7) 

2.5.1.3 HISTORICAL LOW FLOW 

AEC Regulatory Guide 4.2 requests t ha t  the  observed 7-day 10-year low 

flow value be provided. This value i s  not applicable s ince  the Tennessee 

and Cl inch Ri vers a re  "control led" r ivers .  

In the  TVA system, requirements fo r  power generation, navigation and 

flood control have established the basis f o r  control of min imum water 

levels  of the Clinch River a t  the S i t e .  Regulation of low flows and 

water elevations a t  the S i t e  is accomplished by controlled re leases  

from Norris, Me1 ton H i  11, Fort Loudoun and Watts Bar Reservoirs. These 

reservoirs,  shown i n  Figure 2.5-2, s t o r e  large  volumes of water and the 

controlled releases a l t e r  the natural flow patterns i n  the  r i v e r  system. 

In f ac t ,  h i s to r ica l  low flows a t  the S i t e  have resulted from regulated 

ra ther  than from natural flows. 



Since the  c losure  o f  the  dam i n  1963, there  has been an average o f  about 

46 days pe r  year  on which no water was released from Melton H i l l  Dam. 

The longest  p e r i o d  o f  no re lease was 29 consecut ive days, as shown i n  

Table 2.5-2. This  occurred du r ing  February and March o f  1966. (8) The 

second longest  pe r iod  o f  zero re lease from the  dam was 11 consecut ive 

days which occurred i n  the Apri l-May pe r iod  o f  1967. (8) ~ o t h  zero 

re1  ease per iods r e s u l t e d  from spec ia l  r e s e r v o i r  operat ions conducted t o  

a i d  i n  c o n t r o l l i n g  the  growth o f  Eurasian water m i l f o i l  i n  t he  Melton 

H i l l  Reservoir .  Such extended per iods o f  zero f l o w  from Me1 ton  H i l l  Dam 

are  n o t  a n t i c i p a t e d  i n  the  f u t u r e .  Should the  need a r i s e  f o r  any regu- 

l a t i o n  a t  Me1 ton  H i l l  Dam which would r e s u l t  i n  long per iods o f  zero 

release, the  operat ions would be coordinated t o  meet f l ow  requirements 

a t  the CRBRP S i te .  (9 )  

Average monthly t u r b i n e  and gate discharges from Me1 ton  H i  11 Dam f o r  

: 1 the  years 1963 through 1973 a re  shown i n  Table 2.5-3. D a i l y  average 

gate and t u r b i n e  releases from the  dam f o r  the  year  1973 a r e  shown i n  

Table 2.5-4. A f l o w  du ra t i on  curve o f  the discharges from the  dam f o r  

t he  water years 1968-1972 i s  shown i n  F igure  2.5-3. 

2.5.1.4 RESERVOIR WATER LEVELS 

The S i t e  i s  loca ted  on an arm o f  t he  Watts Bar Reservoi r  which extends 

up the C l inch  River.  Thus, the  water e leva t i on  a t  t he  S i t e  i s  in f luenced 

by  the  opera t ion  of Watts Bar Dam. E leva t i on  a t  the  bottom o f  the  

C l inch  R iver  channel a t  the  S i t e  ranges between 719 and 720 f e e t  above 

mean sea l e v e l  (MSL). Water depth a t  the  S i t e  i s  equal t o  o r  g rea ter  

than the  d i f f e r e n c e  between the  pool e leva t i on  a t  Watts Bar Dam minus 

t h i s  bottom e leva t i on  as can be seen i n  the  downstream p r o f i l e  o f  the  

C l i nch  River,  F igure 2.5-4. Bathymetr ic char ts  o f  t he  C l inch  R iver  i n  

t he  areas o f  t he  i n t a k e  and the  discharge a re  shown i n  F igure  2.5-5 

and 2.5-6, respec t i ve l y .  Cross-sect ional p r o f i l e s  o f  these areas are  

\ shown i n  Figures 2.5-7 and 2.5-8, respec t i ve l y .  



Watts Bar Reservoir is a mu1 tiple-purpose reservoir  providing power 

generation, navigation a id  and flood control .  TVA general l y  maintains 

a pool elevation between 740 and 741. MSL during the  spring and summer 

months (mid-April through September) and a winter pool elevation of 

735 t o  737 MSL f o r  the  remainder of the  year. 

During t he  32 years of record s ince  the  i n i t i a l  f i l l i n g  of Watts Bar 

Reservoir, TVA has been able  t o  follow closely the  above plan of normal 

operation. Suff ic ient  inflow has been avai lable  each year t o  r a i s e  the  

reservoir  from winter level t o  summer level on schedule. The water 

surface elevation a t  the  S i t e  i s  normally one t o  two f e e t  higher than 

the level measured a t  Watts Bar Dam as a r e s u l t  of backwater. Since 

1942. the min imum elevation of Watts Bar Reservoir was 733.44 MSL and 

occurred on March 20, 1945. ( 7 )  A maximum elevation of 745.40 MSL 

occurred on March 17, 1973. (8)  Figure 2.5-9 shows the  normal operating 

level f o r  Watts Bar Reservoir. Table 2.5-5 shows the  monthly maximum, 

m i n i m u m  and average Watts Bar Reservoir elevations f o r  the period 

1962-1 973. 

Releases from Norris and Me1 ton Hill Reservoirs, both upstream of the 

S i t e  on the  Clinch River, can be used t o  regulate flows a t  the S i t e .  

Although Norris Dam i s  the  prime regulator of flow, Melton Hill Dam can 

influence low flows a t  the S i t e .  Normal m i n i m u m  pool stage a t  Me1 ton 

H i  11 Reservoir i s  790 MSL. (7  

Norris Reservoir i s  a multiple-purpose reservoir  providing power genera- 

t ion ,  flood control and low flow augmentation. The normal minimum pool 

elevation i s  960 MSL w i t h  storage of approximately 260,000 day-second- 

f e e t  between elevations 960 and 900 MSL. Although not a primary purpose, 

stored water below minimum pool elevation 960 i s  avai lable  f o r  low flow 

augmentation i n  periods of drought. Release below elevation 960 requires 

spec i f i c  approval of t he  TVA Board of Directors. Power generation a t  



N o r r i s  can be maintained t o  about e leva t i on  900 MSL. O f  a l l  t he  annual 

maximum e levat ions  recorded, the  lowest annual maximum e l e v a t i o n  o f  No r r i s  

Reservoir  was 993.8 MSL and occurred i n  June 1954. (7 )  

Releases from F o r t  Loudoun Reservoir ,  loca ted  on t h e  Tennessee R iver  

72.4 m i les  upstream from Watts Bar, can be used t o  c o n t r o l  t h e  Watts 

Bar pool e leva t ion .  Normal minimum pool e l e v a t i o n  o f  F o r t  Loudoun 

Reservoi r i s  807 MSL. ( 7 )  I n f l ows  i n t o  Watts Bar Reservoi r  f rom the  

Tennessee R iver  are more than capable o f  ma in ta in ing  the  minimum pool 

e leva t i on  o f  Watts Bar Reservoi r  even under extreme cond i t ions .  

/ 

2.5.1.5 FLOOD HISTORY 

C l i nch  R iver  gaged stage o r  discharge records have been maintained a t  

Wheat, downstream from the S i te ,  du r ing  the  years 1937-1963 and du r ing  

t h e  water yea r  o f  1967-68. (3'4'5'6) Stage records a re  a v a i l a b l e  a t  

Kingston, near the  mouth o f  t he  C l i nch  R iver  from 1874 except f o r  t h e  

years 1877-82. Mixed stage and discharge records a re  a v a i l a b l e  upstream 

a t  C l i n t o n  from 1883 except f o r  the  years 1949-64. Discharge records 

have a l s o  been maintained f o r  var ious t ime per iods a t  Scarboro, Lake 

C i t y  and N o r r i s  Dam, a1 1 upstream from the  S i t e .  

Judging from these gage records and from newspaper and o the r  h i s t o r i c a l  

accounts, a March 1886 f l o o d  was one o f  t he  greates t  known on the  C l i nch  

River .  I t  reached about e l e v a t i o n  764 a t  t he  upper l i m i t  o f  the  S i t e  

(CRM 18) and about e leva t i on  758 a t  CRM 16. (2 )  Backwater up the  C l inch  

R iver  from the  maximum known Tennessee R ive r  Flood o f  March 1867 

approached the  1886 level 's near CRM 16 b u t  was s u b s t a n t i a l l y  lower a t  

CRM 18. (2 )  

A record  breaking f l o o d  occurred i n  March 1929 on the  Emory R ive r  which 

en ters  the  C l i nch  R iver  a t  CRM 4.4. (2)  I n  the  na tu ra l  s t a t e  t h i s  f l o o d  

d i d  n o t  exceed the  1886 and 1867 f l o o d  l e v e l s  upstream on the  C l inch  R iver  
-/ 



a t  t h e  S i te .  Under present-day cond i t ions ,  a  r e p e t i t i o n  o f  t h i s  1929 

f l o o d  would cause the  maximum known regulated l e v e l ,  producing an e le-  

va t ion  o f  751 MSL upstream on t h e  C l i nch  R iver  beyond t h e  S i te .  The 

maximum Cl inch R iver  f l o o d  o f  1886 would be reduced t o  a  lower l e v e l  of 

about e leva t ion  o f  748 MSL by N o r r i s  Reservoir. This f i g u r e  would 

inc lude backwater from Watts Bar Dam. 

The l a r g e s t  f lood s ince completion o f  t he  present  TVA System occurred 

i n  March 1973 when e levat ions  749.6 and 748.3 were reached a t  CRM 17.8 

and CRM 14.5, respect ive ly ,  as can be seen i n  Table 2.5-6. (8) Th is  

f l o o d  resu l ted  from unusual l y  intense r a i n f a l l  below N o r r i s  Dam and 

below o the r  TVA t r i b u t a r y  reservo i rs .  In tense r a i n f a l l  produced h igh  

l o c a l  and Emory R iver  f lows and record h igh  Watts Bar Reservoir e levat ions.  

P lan t  grade i s  es tab l ished a t  e leva t ion  815 which i s  we l l  above the  

maximum f l o o d  runup l e v e l  on record. 

2.5.1.6 WATER TEMPERATURES 

Water temperatures have been observed a t  C l inch R iver  M i l e  21.6 s ince 

May 1963. The maximum temperature observed dur ing  the  pe r iod  o f  record  

was 78 degrees F and occurred on June 23, 1965 and June 21, 1968. Min i -  

mum temperature observed was 33 degrees F and occurred on January 22, 

1 9 7 0 . ( ~ ' ~ ~ )  Table 2.5-7 gives the  average d a i l y  maximum, minimum and 

mean temperatures f o r  each month. 

The water temperatures o f  the  C l inch River  a t  t he  S i t e  can be a f fec ted  

by unusual f l ow  regu la t i on  circumstances. On week days, when water i s  

discharged from Me1 t o n  Hi  11 Reservoir a t  h igh  ra tes  (16,000 t o  23,000 

cubic f e e t  per  second) dur ing  the  summer months, a l l  f l ow  i n  the  C l inch 

R iver  below the  dam i s  i n  a  downstream d i r e c t i o n .  However, on weekends 

these discharges are  genera l ly  reduced o r  c u t  o f f  completely. As a  

r e s u l t ,  the  co lder  C l inch R iver  water, a t  a  reduced f l o w  ra te ,  can enter  



- .  

the mainstream o f  the  Tennessee R iver  a long t h e  stream bottom and the  

warmer Tennessee River  waters f l ow  upstream i n  the  C l inch  R iver  a t  o r  

near the  sur face a l l  the  way t o  Melton H i l l  Dam. Therefore, t h e  water 

temperatures a t  the  S i t e  w i l l  be cool w h i l e  normal re leases a r e  maintained 

a t  Melton H i l l  Dam bu t  may be h igher  du r ing  low f l ow  o r  no f l o w  t ime 

per iods . 

2.5.1.7 RIVER VELOCITY 

R ive r  v e l o c i t y  a t  t he  CRBRP S i t e  i s  h i g h l y  v a r i a b l e  and depends upon 

t u r b i n e  operat ions a t  Me1 ton  H i1  1, F o r t  Loudoun and Watts Bar Dams. 

Law Engineering Tes t ing  Company i n  con junc t ion  w i t h  TVA has i nves t i ga ted  

t r a n s i e n t  f l o w  cond i t ions  a t  the C l inch  R ive r  S i t e  and has def ined some 

pos tu la ted  cond i t ions  under which reverse f l ow  and v e l o c i t y  cou ld  .occur  

a t  the  S i te .  (11) These pos tu la ted  cond i t ions  are  based on ac tua l  

, . operat ions o f  the  th ree  dams. 
' 1 
\ 1 

Upstream f lows a t  t he  S i t e  could be caused by the  abrupt  shutdown o f  

tu rb ines  a t  Melton H i l l  and Watts Bar and by t h e  re lease o f  water from 

F o r t  Loudoun. Measurements o f  such upstream f lows have n o t  been made 

a t  the  S i te ,  b u t  t h e i r  ex is tence i s  p red i c ted  by analyses o f  unsteady 

f l o w  cond i t ions  w i t h i n  Watts Bar Reservoi r  under t y p i c a l  pa t te rns  o f  

t u r b i n e  operat ion.  (11) The e f f e c t s  o f  t he  operat ion o f  each dam were 

determined f i r s t .  On the  basis  o f  the  e f f e c t s  created by t h e  opera t ion  

o f  each o f  the  i n d i v i d u a l  dams, t h e  e f f e c t s  o f  a  pos tu la ted  t u r b i n e  

operat ion pa t te rn ,  which superimposed i n  a  c r i t i c a l  way the  e f f e c t s  

o f  t he  i n d i v i d u a l  operat ions,  were studied.  Results o f  these s tud ies  

i nd i ca ted  t h a t  upstream v e l o c i t i e s  on the  order  o f  one f o o t  per  second 

can occur a t  t h e  S i t e  due t o  t u r b i n e  operat ions. F igure  2.5-10 shows 

the  v e l o c i t y  response a t  CRM 17 t o  pos tu la ted  t u r b i n e  operat ions 

pa t te rned a f t e r  ac tua l  operat ions o f  June 4 and 5, 1972. A l l  unsteady 

f l ow  computations were made by TVA u t i l i z i n g  an unsteady f l ow  computer 

program developed a t  TVA by the  Flood Contro l  Branch. Comparison o f  



computed and observed upstream ve loc i t i es  due t o  turbine  operations a t  

o ther  s i t e s  where velocity observations were avai lable  indicates excellent  

agreement between computed and observed values. 

2.5.1 .8 SURFACE WATER QUALITY 

A copy of the  Federal Water Pollution Control Act and a copy of the  

Tennessee S ta te  water qua1 i t y  standards a r e  included i n  the Appendix t o  

t h i s  section.  These standards apply t o  the  waters affected by plant  

construction and operation. Data from several water-quality monitoring 

s t a t i ons  indicate  the  water qual i ty  of the  Clinch River meets applicable 

standards. 

Table 2.5-8 contains water qual i ty  data,  including pH, temperature, 

dissolved oxygen, nitrogen, minerals, e t c . ,  observed during 1967-68 a t  

CRM 79.8 and CRM 23.1, two s i t e s  upstream from the  plant  s i t e .  (12) ORNL 
water-quality monitoring data from the  Oak Ridge Gaseous Diffusion Plant 

Pumping Station (CRM 14.4) and White Oak Dam (CRM 20.8) a r e  i n  
Tables 2.5-9 through 2.5-14. 

Sources and locations of municipal and industr ia l  waste discharges i n  the  

Cl inch River Watershed (12) a r e  l i s t e d  i n  Tables 2.5-15 and 2.5-16, 

respectively,  and a r e  shown i n  Figure 2.5-11. 

Water supply sources are  discussed i n  Section 2.2 and l i s t e d  i n  

Tables 2.2-19 and 2.2-20. Programs f o r  measuring and monitoring water 

qua l i ty  i n  the  v ic in i ty  of the  plant  s i t e  a re  discussed i n  Section 6. 

2.5.1.9 PLANT REQUIREMENTS 

The makeup water supply which i s  required t o  balance water l o s t  through 

evaporation, d r i f t ,  plant  water usage and bl owdown w i  11 be withdrawn 

from the  Clinch River. For maximum power, the anticipated average water 



makeup requirement i s  15.8 cfs. An average o f  6.1 c f s  w i l l  be re turned 

t o  the  water as blowdown and approximately 9.7 c f s  w i l l  be consumed 

dur ing  p l a n t  operat ion.  Consumptive use o f  9.7 c f s  i s  on l y  0.2 percent  

o f  t h e  annual average C l i nch  R iver  f l o w r a t e  of 4,798 c f s ,  as can be 

seen i n  Table 3.3-1, Sect ion 3.3, P lan t  Water Use. Actual  water use 

may d i f f e r  depending on p l a n t  power l e v e l  and seasonal v a r i a b i l i t y  o f  

evaporat ion. 

2.5.2 GROUNDWATER 

2.5.2.1 REGIONAL GROUNDWATER HYDROLOGY 

The S i t e  l i e s  w i t h i n  the  Va l l ey  and Ridge Physiographic Province o f  

eastern Tennessee. The Va l l ey  and Ridge Province i s  a l ong  narrow b e l t  

of fau l ted  and fo lded  predominant ly calcareous Paleozoic rocks. It 

extends f o r  1,200 m i les  from t h e  St. Lawrence Val l e y  t o  t h e  Gu l f  Coastal 

/, 1 P l a i n  i n  Alabama. I n  eastern Tennessee i t s  average w id th  i s  about 

40 mi les.  This  prov ince l i e s  between t h e  Blue Ridge Province on the  

eas t  and t h e  Appalachian Plateau Province on t h e  west and i s  character-  

i z e d  by a succession o f  nor theas t  t rend ing  r idges  o f  var ious  widths. 

Ridges are  capped by the  l e s s  so lub le  che r t y  1 imestones, dolomites and 

shales and the  va l l eys  a r e  developed i n  the  more so lub le  l imestones, 

dolomites and shales. Ancient  t h r u s t i n g  and f o l d i n g  has r e s u l t e d  i n  

nea r l y  a l l  o f  t he  beds d ipp ing  t o  the  southeast. Groundwater hydrology 

o f  t he  Va l l ey  and Ridge Province i n  eastern Tennessee has been described 

i n  a b u l l e t i n  from the  Tennessee Department of ~ o n s e r v a t i o n . ' ' ~ )  More 

general d iscussions o f  t he  hydrology o f  carbonate rock  t e r r a i n s  may be 

found i n  o ther  a r t i c l e s  on groundwater hydrology. (14,15,16,17) 

The most important  aqu i fe rs  i n  t he  Va l l ey  and Ridge Province i n  eastern 

Tennessee a re  the  carbonate rocks which u n d e r l i e  t he  m a j o r i t y  o f  the  

prov ince.  Openings i n  which groundwater may be found i n  these carbonate 

rocks are  o f  two types, pr imary openings which were formed a t  t he  t ime 



of the formation of the rock and secondary openings which have a l a t e r  
origin. Primary openings in the carbonate rocks in the Valley and Ridge 
province i n  eastern Tennessee are  generally small and of l i t t l e  hydro- 
logic importance. The s ize  and distribution of the secondary openings 
1 argely control the hydrologic properties of the carbonate rocks. 
Secondary openings, which are  1 argely fractures and openings a1 ong bedding 
planes and jo in ts ,  permit the entrance of chemically reactive water which 
by weathering processes tends to increase the s i ze  of the openings 
through which i t  passes. Because the acidity of the water moving through 
a carbonate rock decreases as the calcium carbonate of the rocks i s  
dissolved, the amount of weathering which takes place in these openings 
decreases with depth. 

G-roundwater recharge in the Valley and Ridge Province generally occurs 
over the en t i re  area of the province. Recharge is most effective in 
those areas where the overburden so i l s  are  thin or permeable. Also, 
recharge may occur through sinkholes that  penetrate relat ively thick and 

impervious formations. During flood stages, water in surface streams 
may enter the aquifer locally;  however, t h i s  local recharge does not 
represent a significant part of the recharge to the groundwater aquifer. 

Natural discharge of the aquifer i s  through streams and springs. Move- 
ment of groundwater i s  from areas of recharge to  areas of discharge. 

Two geologic formations in the Valley and Ridge Province of particular 
in te res t  i n  t h i s  report are the Chickamauga Group and the Knox Group. 
The Chickamauga Group which consists of limestone, shale and s i l t s tone  
i s  found in many areas i n  eastern Tennessee and i s  subdivided into 
upper, middle and lower parts. The upper part of the Chickamauga con- 
s i s t s  of 700 t o  1,000 fee t  of limestone and shale. The combined middle 
and lower parts of the Chickamauga range in thickness from about 2,000 
to 6,000 fee t  and consist of limestones, shales and s i l t s tones .  Lower 
and middle parts of the Chickamauga Group are  generally better aquifers 



than the upper part. Quality of water i n  the Chickamauga Group i s  
varied and i s  influenced by local topography, local land use patterns, 
the depth below the surface a t  which the Chickamauga formation i s  
encountered and small-scale geologic considerations. 

Groundwater in the Chickamauga- Group i s  largely restr ic ted to  fractures 
which have been enlarged by solutioning. The fracturing of the formation 
by folding has resulted i n  a system of cavities which are  more or less  
interconnected. Many springs occur a t  the shale-limestone contacts and 
where solution-widened joints  or fractures extend to  the surface a t  
topographic lows. In the lower and middle parts of the Chickamauga 
limestones small springs are common, several yielding more than 450 gal- 
lons per minute (gpm). Wells in these rocks usually have low yields 
when located on h i l l s  or  other topographic highs and have larger yields 
when located near permanent streams. In the upper part  of the Chicka- 

/ \  
mauga limestones, some springs yield more than 100 gpm. 

\ 3 
Siliceous dolomites, limestones and sandstones are  included in the Knox 
Group. Water occurs in joints and solution channels and the yield of 
water to wells ranges from small t o  large. Numerous large springs are 
found i n  these rocks and the water i s  generally of good quality.  

The Knox Group i s  the most important aquifer in eastern Tennessee. Occur- 

rence of water i n  t h i s  formation i s  controlled by the extent of solution 
enlargement of fractures tha t  are the resu l t  of ancient folding and 
faulting. Generally, the largest fractures a re  found in the f i r s t  few 
hundred fee t  of depth and attempts to  obtain larger yields from wells 
by dr i  11 ing excessively deep we1 1 s have been unsuccessful. 

2.5.2.2 SITE GROUNDWATER HYDROLOGY 

The Valley and Ridge section of Roane County where the plant will be 

\ bui l t  i s  characterized by parallel  ridges and valleys s t r iking to the 



northeast.  Higher p o r t i o n  o f  Chestnut Ridge, northwest o f  t h e  p l a n t  

s i t e ,  has a broad we1 1-rounded c r e s t  and i s  under la in  by t h e  cher ty  

dolomites o f  t he  Knox Group. Val leys i n  Roane County are  under la in  by 

l imestone o r  shale, each o f  which weathers more r a p i d l y  than do the  

do1 omi tes  . 

Groundwater i n  Roane County, as e l  sewhere i n  east  Tennessee, general l y  

occurs i n  f rac tu res  i n  the  under ly ing rocks. This water suppl ies d r i l l e d  

wel ls ,  dug w e l l s  and springs. Dug w e l l s  a re  most common i n  t h e  t h i c k  

residuum over l y ing  t h e  dolomite o f  t h e  Knox Group, bu t  some have been 

dug i n  shale and along v a l l e y  bottoms i n  a l l u v i a l  ma te r ia l .  Dug we l l s  

o f t e n  go d r y  du r ing  per iods o f  drought. 

The Knox Group and the  lower and middle pa r t s  o f  t he  Chickamauga Group 

comprise an a q u i f e r  system i n  the  v i c i n i t y  o f  t he  p l a n t  s i t e .  The 

Cl inch River,  which bounds t h e  groundwater system on th ree sides, i s  

a groundwater s ink;  discharge from the a q u i f e r  system goes d i r e c t l y  

i n t o  t h e  r i v e r  o r  i n t o  streams which f l o w  i n t o  the  r i v e r .  Because the  

i n c i s e d  meander o f  the  r i v e r  i s  a major topographic fea tu re  s e t  down i n  

( I 8 )  i t  i s  u n l i k e l y  t h a t  any groundwater f l o w  could pass beneath bedrock , 
the r i v e r .  

A system o f  nor theast  tending r idges which cross the  S i t e  peninsula i s  

assumed t o  represent  l oca t ions  o f  groundwater highs. The r idges provide 

boundaries t o  l o c a l  a q u i f e r  systems e x i s t i n g  between these groundwater 

highs. I n i t i a l  conf i rmat ion  o f  t h i s  assumption i s  provided by t h e  

groundwater highs associated w i t h  t h e  two r i dges  nearest t he  P l a n t  

I s 1  and. 

The h igher p o r t i o n  o f  Chestnut Ridge appears t o  represent a boundary 

t o  the  groundwater system o f  t h e  e n t i r e  peninsula, as can be seen i n  

Figure 2.5-1. Th is  r i d g e  i s  a major topographic d i v i d e  between Bear 

Creek Va l ley  t o  t h e  northwest and t h e  peninsula formed by t h e  C l inch 



River  southeast o f  the  r i dge .  The summit o f  t he  r i d g e  has an a l t i t u d e  

g rea te r  than 1,100 f e e t  above sea l e v e l  and i s  more than 300 f e e t  above 

the a l t i t u d e  o f  t he  p l a n t  s i t e .  Because o f  t h i s  d i f f e r e n c e  i n  a l t i t u d e s  

and because the  upper p o r t i o n  o f  the  r i d g e  i s  nea r l y  one m i l e  from t h e  

p l a n t  s i t e ,  i t  i s  u n l i k e l y  t h a t  changes i n  groundwater l e v e l s  a t  o r  

near the  p l a n t  s i t e  could a f f e c t  groundwater l e v e l s  northwest o f  Chest- 

n u t  Ridge. 

Permeabi 1  i t i e s  o f  t he  under ly ing  rocks a t  t he  p l a n t  s i t e  were measured 

by means o f  packer pe rmeab i l i t y  t es t s .  Permeab i l i t y  i s  t he  r a t e  o f  f l o w  

o f  water through a  cross-sect ion o f  u n i t  area under a  u n i t  hyd rau l i c  

g rad ien t  and may be expressed i n  terms o f  cubic  f e e t  per  year  per  square 

foot,  o r  equ iva len t ly ,  f e e t  per  year.  The pe rmeab i l i t y  and po ros i t y ,  

a long w i t h  the  water t a b l e  grad ien t ,  determine the  r a t e  o f  water movement 

i n  t h e  s o i l  and i n  t h e  weathered and f r a c t u r e d  zones i n  the  rock. 

: 1 Values o f  pe rmeab i l i t y  were measured a t  22 borings a t  t he  p l a n t  s i t e  by 

means o f  120 packer t e s t s .  Data obta ined from the  t e s t s  and the  permea- 

b i l i t y  values obta ined from the  data a re  shown i n  Table 2.5-17. Almost 

one - th i rd  o f  t h e  pe rmeab i l i t y  values are  i n  t he  range o f  zero t o  10 f e e t  

pe r  year .  More than 90 percent  o f  t h e  values are  l e s s  than o r  equal t o  

800 f e e t  per  year .  An i nspec t i on  o f  Table 2.5-17 shows a  c l e a r  t rend  

f o r  permeabi 1  i t i e s  t o  decrease w i t h  depth. The maximum measured values 

o f  pe rmeab i l i t y  i n  t h e  l imestones and s i l t s t o n e s  a t  t h e  S i t e  were n o t  

s i g n i f i c a n t l y  d i f f e r e n t .  

Due t o  t h e  d i f f i c u l t y  i n  main ta in ing  open holes i n  t h e  res idua l  s o i l s  

and more weathered po r t i ons  o f  the  under ly ing  rocks, few packer t e s t s  

were made i n  the  more weathered zones. Thus, t h e  permeabi 1  i t i e s  shown 

i n  Table 2.5-17 a r e  rep resen ta t i ve  o f  t he  l e s s  weathered ma te r ia l s  on 

t h e  S i t e  and do n o t  c o n s t i t u t e  a  representa t ive  sample o f  pe rmeab i l i t i es  

o f  the  more weathered zones o f  the  aqu i fe r .  Had i t  been poss ib le  t o  

d i s t r i b u t e  t h e  packer t e s t s  more un i fo rm ly  among the  zones o f  var ious  
/ , , 



degrees o f  weathering, i t  i s  l i k e l y  t h a t  t he  median value o f  t he  permea- 

b i l i t y  values would be l a r g e r  than ind i ca ted  i n  Table 2.5-17. Thus, the  

maximum permeab i l i t i es  of t h e  a q u i f e r  a t  t he  S i t e  are probably greater  

than the  maximum values shown i n  Table 2.5-17. 

2.5.2.3 REGIONAL GROUNDWATER USE 

A survey conducted by TVA t o  l oca te  w e l l s  and springs t h a t  l i e  w i t h i n  a  

two-mile radius o f  t he  p l a n t  s i t e  was completed i n  June 1973. Results 

o f  t he  survey show t h a t  a  t o t a l  o f  110 w e l l s  and spr ings are located 

t o  the  south o f  t he  C l inch R iver  which i s  a  groundwater s i n k  and none 

e x i s t  on the  S i t e .  The loca t ions  o f  these w e l l s  and spr ings are  shown 

i n  Figure 2.5-1 2  and re1 ated data are presented i n  Table 2.5-18 which i s  

a  summary o f  t h e  we l l  survey data. 

Nearly a1 1  of the  w e l l s  inspected are small domestic we1 1s o f  1  i m i  t ed  

capacity.  Only two we1 1  s  w i t h i n  a  two-mi l e  rad ius  o f  t he  S i t e  can be 

c l a s s i f i e d  as a  municipal o r  p u b l i c  water supply w e l l .  Well number 13 

suppl ies water t o  16 mobi le homes and we l l  number 73 provides water f o r  

a  commercial campground. No we l l s  are used f o r  i n d u s t r i a l  purposes. 

The m a j o r i t y  a re  operated by small ( l ess  than 1.5 hp) e l e c t r i c  pumps. 

Seventeen p u b l i c  water suppl ies which ob ta in  water from groundwater 

sources a re  located w i t h i n  a  20-mile rad ius  o f  t he  S i te .  The nearest o f  

these we1 1s i s  a t  t h e  Edgewood Elementary School located approximately 

3.5 m i les  southwest o f  t h e  S i te .  Th is  w e l l  serves an est imated popu la t ion  

of 196 persons and has an estimated average d a i l y  use o f  4,900 gal lons.  

Data on p u b l i c  groundwater suppl ies w i t h i n  a  20-mile rad ius  o f  t h e  S i t e  

a r e  summarized i n  Table 2.5-19. The loca t ions  o f  these suppl ies are  

shown i n  Figure 2.5-13. 

Seven i n d u s t r i a l  water suppl ies which obta in  water from groundwater 

sources a re  located w i t h i n  a  20-mile rad ius  o f  t h e  p l a n t  s i t e .  The 



nearest of these industr ia l  groundwater users i s  the Lenoir City Car 

Works which i s  located about 9.3 miles south of the  plant  s i t e .  Total 

daily groundwater withdrawal a t  t h i s  location i s  about 30,000 gallons. 
Data on industr ia l  groundwater supplies within a 20-mile radius of the  

S i t e  a r e  summarized i n  Table 2.5-19. The locations of these supplies 
a r e  a l so  shown i n  Figure 2.5-13. 

Present groundwater use i n  the  region i s  limited primarily to  agr icul tura l  

and s ing le  family wells. Due to  the  abundance of surface water supplies 

and the re la t ive ly  low yie ld  of aquifers i n  the  area,  the  character  o f  

future  groundwater use i s  not expected t o  d i f f e r  s ign i f ican t ly  from tha t  

of present use. The projected fu ture  groundwater uses i n  the region a r e  

not seen as having any s ign i f ican t  e f fec t s  upon groundwater conditions 

beneath the  S i t e .  

1 
2.5.2.4 LOCAL WATER LEVELS 

Groundwater occurs a t  the  plant  s i t e  primarily i n  weathered j o in t s  and 

f ractures  i n  the  subsurface rocks. Movement of groundwater i s  largely  

r e s t r i c t ed  t o  t he  upper more weathered zones of the rock underlying the  
area. 

General l y  , groundwater a t  the  S i t e  occurs under water t ab le  conditions , 
but local and t rans ien t  semi-confined conditions have been observed 

during periods of high water l eve l s ,  especial ly i n  the  low areas of the  

S i te .  Groundwater recharge i s  primarily derived from precipi ta t ion,  

although i t  i s  possible t h a t  i n  some r e s t r i c t ed  areas recharge may occur 

from the  Clinch River during periods of rapid increase of r i ve r  stage.  

Thirty-four groundwater observation wells were ins ta l l ed  by December 1 ,  

1973, a t  the  locations shown i n  Figure 2.5-14. Since December I ,  1973, 

o ther  observation wells have been ins ta l l ed .  In addition t o  the  obser- 

\ 
vation wells ,  eleven sealed piezometers a r e  presently being ins ta l l ed  i n  



nests of two's and three 's  near borings 6, 7, 12, 40 and 27 to  monitor 
piezometric surfaces a t  various depths in the aquifer profile.  The 
purpose of these piezometers i s  t o  determine the occurrence of ground- 
water under water table conditions over the S i te  and to  establish normal 
season-to-season and year-to-year variations of water levels. 

Daily water level readings were made in 34 observation wells over the 
S i t e  during the period from December 19, 1973, through January 4, 1974. 

Groundwater levels during th i s  period of time were found t o  fluctuate 
over rather large ranges, primarily .in response to  large amounts of 

precipitation which occurred on the Si te .  Fluctuations were largest  i n  
observation wells located i n  topographic highs and smallest in wells 
located in topographic and groundwater lows. The data obtained during 
th i s  period indicated that  groundwater levels over the S i t e  are  related 
to  depths of weathering (lower groundwater levels occurring i n  zones of 
greatest  depth of weathering and consequently higher permeability) and 
only incidently related to  surface topography. 

S i t e  groundwater contour maps, Figures 2.5-15 and 2.5-16, were developed 
from data recorded on December 24, 1973 and January 2 ,  1974, respectively. 
December 24, 1973, represents a time of rather low groundwater levels 

over the S i t e  and January 2, 1974, represents a time of high groundwater 
levels.  A feature of particular in te res t  on both of these figures i s  
the location of the groundwater low to the west of the Plant Island. 
T h i s  low occurs in the area of deepest weathering and l i e s  about one- 

t h i r d  of the way upslope from the topographic low toward the c res t  of 
the ridge to  the northwest. 

Response of the groundwater table to  precipitation i s  rapid. Fl uctuations 

in the elevation of the groundwater table amounting to  several f ee t  in 
one day during and a f t e r  periods of large amounts of precipitation were 

noted. Such rapid response of the groundwater table to  precipitation i s  
indicative of rapid recharge, probably largely occurring in areas of 



exposed rock and small sinkholes along the  ridges t o  the northwest and 
southwest which bound the  Plant Is1 and. Fluctuations i n  the  groundwater 
t ab le  a r e  i n  general l a rges t  i n  areas of topographic highs and smallest 
in areas of groundwater lows. The large  f luctuat ions  i n  and quick 
response t o  precipi ta t ion of the  groundwater tab1 e in  the  topographic 
highs a r e  l i ke ly  due t o  smaller permeabil i t ies in these areas and to  the  
c loser  proximity of these areas to  recharge areas.  The smaller f luctua- 
t ions  in groundwater t ab l e  i n  the  area of the  groundwater low a r e  a 
r e su l t  of a combination of higher permeability in  t h i s  area and the 
regulating e f f ec t  of the  Clinch River which affords a re la t ive ly  constant 
downstream boundary condition. 

2.5.2.5 MOVEMENT OF GROUNDWATER 

In general , movement of groundwater occurs i n  a d i rect ion normal t o  the  
groundwater contours. A t  the  S i t e ,  movement i s  generally from topographi- 

1 ca l ly  high areas to  topographic lows; however, t h i s  pattern i s  modulated 

by the  extent  of weathering of the  bedrock aquifers .  Ultimately, the 
Clinch River ac t s  as  a sink to  which a l l  groundwater a t  the S i t e  migrates. 

There a re  instances i n  carbonate rock t e r r a in s  i n  which weathering in  
topographical ly  high areas i s  so deep t ha t  interchanges between adjacent 
val 1 eys separated by these topographic highs may occur. ( I3)  Such 
s i tua t ions  a r e  conducive t o  important reversals  of groundwater flow. 
No evidence of such deep weathering action has been encountered a t  the  
S i t e .  Sound rock was encountered i n  the  core of the  r idges a t  elevations - 
higher than the  adjacent valley f loors .  Thus, a t  the  S i t e ,  the  major 
ridges may be regarded as  approximate locations of groundwater divides. 
Reversals i n  d i rect ion of flow which may occur because of the  ra ther  
large f luctuat ions  of the groundwater t ab l e  wil l  be local i n  extent  and 
will  not represent a diversion of groundwater from one major groundwater 

basin t o  another. 



The C l i n c h  R iver  i t s e l f  may a c t  as a source of groundwater recharge 

du r ing  those per iods when the  r i v e r  i s  sub jec t  t o  a r a p i d  increase i n  

stage. During such periods, groundwater w i l l  f l o w  f rom the  r i v e r  i n t o  

the  aqui fer .  Th is  reverse f low w i l l  occur u n t i l  a  new c o n d i t i o n  of 

dynamic e q u i l i b r i u m  w i t h i n  the  groundwater system i s  establ ished.  

2.5.2.6 EFFECTS OF PLANT CONSTRUCTION AND OPERATION ON GROUNDWATER SYSTEM 

The groundwater environment a t  t h e  S i t e  w i l l  be s u b s t a n t i a l l y  changed 

by t h e  cons t ruc t i on  o f  t h e  P lan t  Is land.  Present ly ,  plans c a l l  f o r  t h e  

foundat ion o f  t h e  s t ruc tu res  t o  be placed a t  e l e v a t i o n  720. Excavation 

f o r  t h e  P lan t  I s l a n d  foundation w i l l  be preceded by dewatering. Due t o  

t h e  p r o x i m i t y  o f  t h e  C l inch  R iver  and the  contiguous area of deeply 

weathered, more permeable rock  between t h e  P l a n t  I s l a n d  and t h e  r i v e r  

and s ince  t h e  excavat ion w i l l  extend t o  a depth of a t  l e a s t  15 fee t  

below t h e  normal low stage o f  t he  r i v e r ,  considerable dewatering o f  t he  

p l a n t  s i t e  t o  accommodate the  proposed const ruc t ion  w i l l  be requi red.  

The e f f e c t  of t h e  above described lower ing  o f  t h e  water t a b l e  w i l l  

probably be t o  lower t h e  water t a b l e  around t h e  P l a n t  I s l a n d  t o  an 

e leva t i on  below the  normal water surface e leva t i on  i n  t h e  C l i nch  River ,  

and thus groundwater f low from the  r i v e r  toward the  p l a n t  S i t e  may be 

induced . 

2.5.2.7 GROUNDWATER QUALITY 

Seven groundwater samples fo r  chemical ana lys is  from observat ion w e l l s  

loca ted  on t h e  S i t e  were obtained. The r e s u l t s  o f  t h e  chemical and 

phys ica l  t e s t s  of groundwater q u a l i t y  are given i n  Table 2.5-20. I n  
general, t he  r e s u l t s  o f  t he  chemical analyses o f  groundwater a t  t he  

S i t e  a re  comparable w i t h  those r e s u l t s  from s i m i l a r  formations. (13) 

To ta l  hardness c o n d u c t i v i t y  , bicarbonate and i r o n  content  may be seen 

t o  be somewhat h igher  a t  t h e  S i t e  than i s  t y p i c a l  o f  t he  reg ion  and 



t he  water i s  more a c i d i c  a t  t he  S i te .  It i s  poss ib le  t h a t  t he  r e s u l t s  

o f  t he  analyses are  in f luenced t o  some degree by t h e  recent  d r i l l i n g  

operat ions. Groundwater a t  the  S i t e  i s  chemical ly  s u i t a b l e  f o r  human 

consumption, a l though the  hardness o f  the  water may be troublesome f o r  

some uses. 

CONCLUSIONS 

The p o t e n t i a l  f o r  t ransmiss ion o f  groundwater contaminants t o  present 

o r  f u t u r e  o f f - s i t e  groundwater users i s  smal l .  For t h i s  reason t h e  

mon i to r ing  o f  groundwater f o r  possi  b l  e  contaminat ion may be r e s t r i c t e d  

t o  p e r i o d i c  sampling and ana lys is  o f  groundwater i n  t h e  area of t h e  

P l a n t  Is land.  Mon i to r ing  programs a re  discussed i n  Sect ion 6. 



TABLE 2.5-1 

CLINCH R I V E R  STREAM GAGE LOCATIONS (394,596) 

(1936 - 1968) 

Drainage Area 
S t a t i o n  R iver  M i l e  Per iod  o f  Record (sq.  m i l e )  

Near Wheat 

Below Melton H i l l  23.1 1962 - 1964 3,343 
Dam 

Near Scarboro 39.0 1941 - 1962 3,300 



TABLE 2.5-2 

PERIODS OF ZERO-RELEASE FROM MELTON HILL  DAM'^) 
May 1963 - October 1972 

Consecut ive days 
of zero-re lease 

Number o f  
Occurrences 

Percentage o f  t o t a l  
number o f  occurrences - 

To ta l  



TABLE 2.5-3 

AVERAGE MONTHLY TURBINE AND GATE DISCHARGES I N  DAY-SECOND-FEET*'~) 

MELTON H I L L  DAM 

Jan Feb - -  March 

1,854 

3,568 

179 

10,184 

1,530 

2,444 

4,533 

2,490 

6,468 

9,898 

A p r i l  May 

1,115 

2,442 2,323 

5,891 3,997 

2,110 1,066 

3,399 1,011 

849 393 

1,607 2,276 

2,826 4,491 

2,508 5,719 

4,902 6,875 

4,090 8,905 

June 

4,302 

3,082 

2,505 

2,414 

4,683 

2,789 

3,002 

4,708 

6,342 

5,712 

9.278 

J u l y  

2,728 

2,976 

2,390 

3,471 

5,011 

6,325 

4,506 

5,243 

3,332 

4,495 

4,929 

Sept Oct Nov - -  
5,391 5,450 3,106 

3,404 '4,124 7,500 

5,626 3,524 4,269 

5,094 2,498 1,781 

7,121 7,296 3,920 

1 ;699 3,376 3,897 

2,557 1,734 3,296 

5,357 3,622 2,844 

5,483 6,073 7,580 

4,127 3,617 6,970 

5,456 3,838 5,147 

Dec 

3,655 

7,441 

3,181 

7,224 

10,608 

3,153 

3,434 

3,653 

7,187 

17,020 

10,288 

Annual 

3,571 

4,608 

2,994 

5,914 

4,006 

2,996 

4,598 

5,138 

7,264 

6,888 

*Day-second-feet equals t h e  average d a i l y  d ischarge i n  cub ic  f e e t  per second ( c f s ) .  

**Averages a re  f o r  t he  p e r i o d  1964-1973. 



TABLE 2.5-4 

MELTON H I L L  DAM - 1973'~) 
DISCHARGE I N  DAY-SECOND-FEET* 

I I JANUARY 1 FEBRUARY I MARCH I APRIL I MAY I JUNE I JULY I AUGUST I SEPTEMBER I OCTOBER I NOVEMBER I DECEMBER I 

1972-1973 WATER YEAR DISCHARGE 

TOTAL AVERAGE 

TURBINE 2,768,649 7,585 MAXIMUM DAILY AVEPAGE DISCHARGE 26,884 ON MARCH 16. 

GATE 1 I ,521 32 MAXIMUM DAILY AVERAGE DISCHARGE SINCE FINAL CLOSURE 

I COMBINED 2,780,170 7,617 (MAY 1. 1963) 26,884 ON MARCH 16. 1973. 

DISCHARGE DOES NOT INCLUDE LOCKAGE. 

1 *Day-second-feet equa ls  t h e  average d a i l y  d ischarge i n  c u b i c  f e e t  pe r  second ( c f s ) .  

- 

DAY 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

TOTAL 

AVERAGE 

1973 ANNUAL DISCHARGE 

TOTAL AVEPAGE 

TURBINE 2,507,560 6,870 

GATE 16,070 44 

COMBINED 2,523,630 6,914 

- 

TURBINE 

21,181 

21,108 

21,220 

16,395 

18.334 

11,336 

8,713 

8,051 

8,600 

9,681 

9.649 

8,929 

7,235 

7,162 

6,621 

7,223 

6,320 

6,575 

2,391 

2,772 

1,173 

3,332 

5,870 

9,891 

6,860 

6,526 

4,625 

4,133 

6,255 

2,975 

1,211 

262,347 

8,463 

GATE 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TURBINE 

3,669 

2,318 

2.593 

1,009 

2,067 

4,445 

4,022 

4,769 

4,480 

7,597 

5,349 

6,569 

10,579 

7,746 

9,740 

11,788 

5,588 

1,562 

4,774 

5,083 

4,407 

7,363 

2,319 

1,198 

949 

4,003 

5,873 

5,730 

137,589 

4,914 

GATE 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TURBINE 

2,752 

1,098 

1,249 

0 

2,801 

3,923 

3,508 

0 

370 

707 

1.978 

1,948 

0 

918 

3,468 

21,955 

19.000 

9,455 

3,901 

9,814 

17,403 

18,450 

20,900 

0 2 2 , 2 9 1  

21,354 

19,407 

0 1 9 , 0 4 2  

19,490 

19,030 

17,230 

13,430 

296.872 

9,577 

GATE 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4,929 

5,025 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

22 

0 

9,976 

322 

TURBINE 

8,618 

0 1 0 , 0 5 0  

9,092 

10,270 

8,396 

7,854 

4,617 

2,751 

4,215 

5,203 

7,231 

3,465 

2.323 

1,368 

0 

2,320 

2,744 

2,776 

2,698 

965 

0 

0 

2,384 

1,269 

0 

1,412 

6,840 

5.902 

2,939 

4,031 

121,733 

4,058 

GATE 

0 

0 

0 

84 

112 

35 

0 

178 

0 

152 

0 

0 

0 

180 

0 

0 

83 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

957 

32 

TURBINE 

6,145 

3,271 

4,728 

5,723 

8,739 

9,012 

0 1 0 , 7 9 6  

12.251 

14,404 

1 3 3 1 0 , 9 0 4  

9.366 

10,340 

9.9. 

10,130 

8.233 

8,050 

9,303 

9,053 

9.916 

5,302 

7,551 

5,945 

5,097 

1,813 

3.195 

1,326 

7.922 

15,852 

16,334 

14,474 

20.980 

276,056 

8,905 

GATE 

0 

0 

0 

n 

0 

0 

0 

0 

0 

: 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TURBINE GATE 

18,38r) 

0 1 6 , 3 6 2  

15,174 

15,444 

13,629 

15,689 

n 1 5 . 3 4 0  

450 

0 

0 

0 

n 

0 

0 

TURBINE 

2,815 

4,974 

5,699 

4,775 

5,034 

3,500 

5,946 

2,855 

10,597 

6,558 

0 4 . 1 2 8  

2,818 

3.846 

4.495 

2,073 

5,237 

7,120 

6.641 

6,263 

6,395 

6,828 

1,542 

6,763 

5,693 

7,329 

4,815 

1.326 

1,667 

2,725 

5,866 

6,686 

152.809 

4,929 

GATE 

11 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TURBINE 

5,630 

7,566 

3,822 

5.503 

5.118 

7,150 

9,327 

9,260 

7,380 

8.989 

0 6 , 3 0 6  

672 

6,766 

8,219 

6,971 

8,706 

7.999 

10,085 

5,523 

6.861 

9,4q9 

9.804 

9.355 

9.038 

7,672 

8.427 

6,294 

7,689 

9,117 

9.013 

7,713 

230.974 

7,451 

12.416 ( 138 

10,445 0 

9 , 5 3 5 '  0 

10,854 I 0 '::::: 0 

7,367 / 0 

7.315 / 0 

6,797 1 0 

10,845 i 0 

10,652 1 0 

GATE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 

0 

7,385 

1,893 

4,891 

6,079 

5,121 

4,917 

5,272 

5,822 

4.844 

7,241 

4,795 

4,235 

277.743 

9,258 

TURBINE 

8,668 

5,887 

6.134 

9.340 

7.261 

5.778 

6.384 

3,137 

3,418 

6,618 

5,873 

5.935 

6,136 

5.405 

2,070 

5.398 

8.647 

2.459 

3,639 

4,557 

7,304 

4,252 

0 

6.174 

4.860 

4.500 

5,112 

5,568 

5,498 

7,667 

163,679 

5,456 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

588 

20 

GATE 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TURBINE 

4,656 

5,263 

' 5.222 

4.017 

4.284 

3,882 

2,353 

4.544 

7,016 

5,751 

1.482 

6,189 

5,688 

1,963 

3,801 

4.846 

5,319 

3,691 

2,750 

1.510 

0 

2,275 

3,596 

3,095 

3.714 

3.217 

1.554 

0 

6,919 

5.775 

4.605 

118.977 

3.838 

GATE 

0 

0 

0 

0 

1 o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TURBINE 

3.227 

1.725 

2.800 

5,068 

2,591 

4.668 

3,641 

1,508 

3.976 

3,515 

6,908 

1.423 

4.125 

3.058 

2.409 

3.490 

4.455 

604 

1,262 

2.996 

3.168 

3.004 

1.041 

865 

4.183 

3.713 

0 1 8 , 6 2 7  

0 2 0 , 7 4 8  

0 1 8 . 9 4 2  

0 1 2 , 1 0 9  

149.849 

4,995 

TURBINE 

0 6 , 7 9 3  

9,380 

9.907 

9.024 

13,166 

0 1 2 , 0 5 0  

0 1 3 . 3 6 8  

9,144 

7,914 

10,345 

0 1 0 , 7 8 7  

8,146 

7,438 

10.460 

0 1 0 , 3 3 7  

8,417 

11.805 

9.420 

9,516 

9.107 

0 1 2 , 1 9 6  

10,072 

0 9 . 5 1 0  

9.818 

9,951 

0 2 2 , 2 9 9  

0 1 2 , 9 2 9  

6.065 

2.147 

0 1 1 , 4 8 5  

15,936 

318,932 

10.288 

GATE 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4.549 

0 

4,549 

152 

GATE 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



TABLE 2.5-5 

Month 

WATTS BAR RESERVOIR ELEVATIONS (7 )  

1964 - 1973 

Minimum* 

January 

February 

March 

A p r i  1 

May 
June 

Ju 1 y 

August 

September 

October 

November 

December 

* U n i t s  i n  f e e t  above mean sea l e v e l  (MSL) 



TABLE 2.5-6 

No. - 
1 

2 

3 

4 

5 

6 

MARCH 17, 1973, HIGH-WATER MARKS 

CLINCH RIVER I N  V I C I N I T Y  OF CRBRP S I T E  

R i v e r  
M i l e  

E l e v a t i o n  
( f e e t )  

749.6 

749.2 

748.8 

748.6 

748.4 

748.3 



TABLE 2.5-7 

AVERAGE DAILY MAXIMUM, MINIMUM AND MEAN TEMPERATURES FOR EACH MONTH* 

(1963 - 1971 ) 

Jan Feb March A p r i l  May June J u l y  Aug Sept Oct Nov Dec - - - - - - - 
Maximum 44 44 49 5 7 63 65 66 6 7 6 8 66 5 8 49 

Minimum 41 4 1 4 5 5 4 6 0 62 63 65 6 6 6 3 5 6 47 

Average 4 3 42 4 7 55 6 1 64 6 4 6 6 67 64 5 7 48 

VI 

IU 

*Cl inch R ive r  M i l e  21.6 



TABLE 2.5-8 

Date - 

Time 
ET 

24-hr 
Clock 

1055 

0905 

1050 

1120 

1820 

1515 

0920 

1700 

1415 

1340 

1535 

1650 

1305 

1155 

0900 

1815 

L o c a t i o n  
i n  

Stream* 

~ a i  1 race  

T a i  1 race 

T a i l r a c e  . 
T a i l r a c e  

T a i l  race  

Ta i  1 race  

T a i l  race 

T a i l r a c e  

  ail race'' 
T a i l r a c e  

T a i l r a c e  

T a i l r a c e  

T a i l r a c e  

T a i l  race  

T a i l  race  

T a i l r a c e  

Depth 

lf41. 

0.5 

0.5 

0 . 5  

0.5 

0 .5  

0.5 

1 .o 

1.0 

0.5 

0.5 

0 .5  

0.5 

0.5 

0.5 

1 .o  

1 .o 

CLINCH RIVER WATER QUALITY DATA \ ILJ 

CLINCH RIVER MlLE 79.8 

5-Day 

Stream Col i fonns Water 20°c - 
Disch. Fecal T o t a l  Temp. 00 800 Co lo r  Turb Crq. --- 
(crs) (MPNI100 ml )  fi rn (mq/ l )  (PCU) (JCU) 

CLINCH RIVER MlLE 23.1 

A l k a l i n i t y  
( C a b 3 )  

@ & T o t a l  

T o t a l  
Hardness 
(CaCo3) 

115 

119 

129 

116 

128 

101 
-- 
96  

128 

112 

124 

112 

125 

115 
-- 

100 

* L o c a t i o n  i n  Stream: Percent d i s t a n c e  from l e f t  bank l o o k i n g  downstream 

**Nitrogen: Values shown a r e  mg/l n i t r o g e n  i n  the  forms l i s t e d  

V T a i l r a c e :  N o r r i s  Dam 

VVTa i l race :  Me l ton  H i l l  Dam 

(Continued) 



Time 
L o c a t i o n  

i n  
Stream* 

T a i  1  racev 

Ta i  1  race  

T a i  1  r a c e  

T a i l  race  

T a i l r a c e  

Ta i 1  race  

T a i  1  race  

T a i  1  r a c e  

T a i  1  raceVV 

T a i l  race  

T a i  1  race  

T a i l  race  

T a i  1  race  

T a i l r a c e  

Ta i ,l race  

T a i l  race  

TABLE 2.5-8 (Continued) 

CLINCH RIVER MILE 79.8 

S p e c i f i c  
I r o n  

Mn , Conductance 
& Mg J l k  K - - - - - -  ~ e + +  T o t a l  T o t a l  "4 Si02 a t  2 5 ' ~  

CLINCH RIVER MILE 23.1 

Sol  i d s  

Sus. D is .  Total -- 

*Locat ion  i n  Stream: Percent  d i s t a n c e  f rom l e f t  bank l o o k i n g  downstream. 

**Ni t rogen:  Values shown a r e  mg/l n i t r o g e n  i n  t h e  forms l i s t e d .  

VTa i l race :  N o r r i s  Dam. 

VVTai 1  race :  Me1 t o n  H i 1  1  Dam. 



Substance 

Phenols 

N SO: 
ul 
I 

W 
0 

NO; 

c1- 

TABLE 2.5-9 

NON-RADIOACTIVE WATER MONITORING DATA - WHITE OAK DAM (19) 

Number o f  
Samples 

3 

4 

4 

4 

4 

3 2 

3 

Concentrat ion (mg l l )  

Maxi mum Minimum Average STD - 
1,000 0.100 0.400 0.05* 

0.0008 0.0001 0.0005 0.001* 

39.0 28.5 34.4 250* 

8.7 0.9 5.3 45* 

6.5 3.1 4.8 250* 

0.0070 < 0.0005 < 0.0020 0.005 

0.02 < 0.005 < 0.012 0.05* 

Percent 
STD 

*U. S. P u b l i c  Hea l th  Serv ice D r i n k i n g  Water Standards 



TABLE 2.5-10 

NON-RADIOACTIVE WATER MONITORING DATA - WHITE OAK DAM (19) 

Concentration (mg/l) 
Number of Percent 

Substance Samples Maxi mum Minimum Average STD - STD 

Phenols 

so: 

*U.S. Pub1 i c  Health Service Drinking Water Standards 

NOTE: Stream not a source of drinking water. Drinking water standards used f o r  water 
qua l i ty  comparison only. 



TABLE 2.5-11 

SUMMARY OF DISCHARGE-WEIGHTED MEAN VALUES* OF STABLE CHEMICAL ANALYSES** 

OF CLINCH RIVER WATER (20 

WHITE OAK DAM 

Bicarbonate 

Cal c i  um 

Magnes i um 

Chlor ide  

S u l f a t e  

N i t r a t e  

I ron 

Phosphate 

Potassium 

Sodi um 

S i l i c o n  

Speci f i  c Conductance 

S t r o n t i  um 

~i scharge++ 

WOD + - 
125.000 

32.000 

6.000 

5.100 

23.000 

8.200 

0.080 

0.600 

1.600 

1.400 

1.700 

283.000 

0.065 

14.000 

*Concentrations i n  m g / l i t e r ,  except pH i n  pH u n i t s ,  s p e c i f i c  
conductance i n  micromhos/cm, and discharge i n  c f s  

**chemical analyses performed on f i  1 t e r e d  samples 

+Sample per iod ,  November 18, 1961 t o  November 30, 1963 a t  
White Oak Dam ++ 
Time-weighted mean f o r  t he  t o t a l  sampling pe r i od  



Substance 

Phenols 

so; 

TABLE 2.5-12 

NON-RADIOACTIVE WATER MONITORING DATA - ORGDP PUMPING STATION (1  9 )  

1971 

Number o f  Concentrat ion (mg/ l )  Percent  
Samples Maximum Minimum Average - STD STD 

*U. S. P u b l i c  Hea l th  Serv ice  D r i n k i n g  Water Standards 



TABLE 2.5-13 

Substance 

Phenols 

so; 
IU . 

NON-RADIOACTIVE WATER MONITORING DATA - ORGDP PUMPING STATION (19)  

Number o f  Concentrat ion (mg/l ) Percent  
Samples Maximum Minimum Average STD - STD 

*U. S. P u b l i c  Hea l th  Serv ice  D r i n k i n g  Water Standards 

**Al l  values below l i m i t  o f  d e t e c t i o n  



TABLE 2.5-14 

SUMMARY OF DISCHARGE-WEIGHTED MEAN VALUES* OF STABLE CHEMICAL ANALYSES** 

OF CLINCH R I V E R  WATER (20) 

ORGDP PUMPING STATION 

pH 
Bicarbonate 

Cal c i  um 

Magnes i um 

Chlor ide  

S u l f a t e  

N i t r a t e  

I ron 

Phosphate 

Potass i  um 

Sodi um 

S i  1 i c o n  

Speci f i c  Conductance 

Suspended Sol  i d  

Dissolved Sol i d  

- To ta l  So l i ds  

S t ron t ium 

~ i s c h a r ~ e "  

CRM 14.4' 

7.700 

119.000 

21 .ooo 
7.700 

1.600 

10.000 

2.700 

0.060 

0.220 

1.300 

2.400 

1.500 

216.000 

25.300 

129.000 

154.000 

0.070 

4620.000 

* 
Concentrat ions i n  m g l l i t e r ,  except pH i n  pH u n i t s ,  s p e c i f i c  
conductance i n  m i  cromhos/cm, and discharge i n  cfs ** 
Chemical analyses performed on f i 1 t e r e d  sampl es + 
Sample per iod ,  November 28, 1960 t o  January 8, 1962 

++ 
Time-weighted mean f o r  the  t o t a l  sampling pe r i od  



TABLE 2.5-15 

CLINCH RIVER WATERSHED 

MUNICIPAL WASTE DISCHARGES (12) 
( I d e n t i  f y i n g  numbers correspond t o  F i  gure 2.5-3) 

Treated. Waste 
Sewered Population 

Population Type Treatment Equivalent Receiving Stream 

Outfall 
Location 
River Mile Number* County 

Clinton - Plant No. 1 4,570 Secondary 876 Clinch River 
Clinton - Plant No. 2 Secondary Clinch River 
Clinton - Plant No. 3 Secondary Clinch River 

Lake City 2,120 Secondary 200 Coal Creek 

Norri s , 1,150 Secondary 50 Buffalo Creek 

Anderson 
Anderson 
Anderson 

Anderson 

Anderson 

Oak Ridge, East 8,510 Secondary 300 Unnamed t r i bu ta ry  
t o  Clinch River 

Anderson 

Anderson Oak Ridge, West 17,070 Primary 11,700 East Fork, Poplar 
Creek 

Knox Hal 1 sdale-Powell U . D .  

Secondary 
Secondary 
Secondary 

Beaver Creek 
Beaver Creek 
Beaver Creek 

Knox 
Knox 
Knox 

Plant No. 1 
Plant No. 2 
Plant No. 3 

Loudon Lenoir City Secondary Unnamed t r i bu ta ry  
t o  Tennessee River 

Loudon Loudon 

Harriman 

Secondary 

Primary 

Tennessee River 

Tennessee River 

Clinch River 
Martin   ranch^ 
Poplar Creek 

Black Creek 

Richland Creek 

Piney River, Emb. 

Tennessee River 

South Mouse Creek 

Roane 

Roane 
Roane 

Kingston - Plant No. 1 
Kingston - Plant No. 2 

01 ive r  Springs 

Rockwood 

Primary 
Primary 

Secondary 

Secondary** 

Secondary** 

primary' 

Roane 

Roane 

Rhea 

Rhea 

Dayton 

Spring City 

Watts Bar Resort 

Cl eve1 and 

Rhea 

Brad1 ey 

Secondary 

Secondary 

*Identifying numbers correspond t o  Figure 2.5-1 1 

**Wastewater from Mead i s  discharged along with the  e f f luen t  from the  municipal treatment p lant  

 h his e f f l u e n t  passes through an abandoned quarry before enter ing  Martin Branch 

" ~ d d i t i o n  t o  treatment p lant  i s  under construction 

'plans i n  progress f o r  new secondary treatment p lant  



TABLE 2.5-16 

CLINCH RIVER WATERSHED 

INDUSTRIAL WASTE DISCHARGES* (12) 

( I d e n t i f y i n g  numbers correspond t o  F igu re  2.5-1 1 ) 
O u t f a l l  

Receiving Locat ion  
Stream R i ve r  M i l e  

P r i n c i p a l  Treated 
Number County City Name o f  I n d u s t r y  Product Type Treatment Waste C h a r a c t e r i s t i c s  Comnen t s  

1-1 Anderson C l i n t o n  Armstrong Rubber Small rubber  
T i r e  Co. t i r e s  

BOD5 1 .0  

COD 20.0 
Sus. So l i ds  
Set.  Sol i d s  
Phenols 0.001 
Oi 1  0.50 

C l i n c h R i v e r  62.8 Planning 
stage 

Sol i d s  
Oi 1  

C l i nch  R i ve r  65.1 

C l i n c h R i v e r  64.3 

P lann ing 
stage 

1-2 Anderson C l i n t o n  FMC - L i n k  B e l t  Forg ing  and 
D i v i s i o n  machining 

r o l l e r  
bear ings  

1-3 Anderson C l i n t o n  Modine Mfg. Co. R e f r i g e r a t i o n  N e u t r a l i z a t i o n  
condensers and and 
evapora tors  Sedimentat ion 

Sol i d s  
A1 
Zn 
F 

C l i n c h R i v e r  64.3 Under 
const ruc-  
t i o n  

1-4 Anderson C l i n t o n  Sprague E l e c t r i c  Aluminum f o i l  Chemical - 
Co. f o r  e l e c t r i c a l  phys i ca l  

components batch  and 
cont inuous 
de ionazat ion  
f o r  chromium 

C l i nch  R i ve r  46.8 

Temperature 

1-5 Anderson C l i n t o n  U.S.-T.V.A.-Bull E l e c t r i c  
Run Steam P l a n t  power 

None Sus. So l i ds  
Set. So l i ds  
Temperature 

Sedimentat ion Sus. 
C l i nch  R i ve r  46.7 So l i ds  19.0 mg/l 

Set.  
Sol i d s  m l l l  

Secondary C l i n c h R i v e r  47.0 

(Cont inued) 

L-,' 



TABLE 2.5-16 (Continued) 

N u m b e r -  City 

1-6 Anderson Oak 
Ridge 

1-7 Anderson Oak 
Ridge 

1-8 Anderson Oak 
Ridge 

1-9 Anderson Oak 
Ridge 

O u t f a l l  
P r i nc ipa l  Treated Receiving Locat ion 

Name o f  I ndus t r y  Product Type Treatment Waste Cha rac te r i s t i c s  Stream R ive r  M i l e  Ccnnnents 

American Nuclear No longer Evaporat ion Low l e v e l  r a d i o a c t i v i t y  Braden Br. 1 .O P lan t  
Corp. operat iona l  Sedimentation leaching from the  s i t e  c losed 

Ralph Rogers & Broken l ime-  Evaporat ion Sus. So l ids  
Co . stone, sand Sedimentation Set. So l ids  

and grave l  PH 

Tennright P l a t i n g  Metal p l a t i n g  
Ind. Inc .  

U.S. Atomic. 
Energy Commission 
Gaseous D i f f u s i o n  
P lant  Enriched Lagoon 

Uranium 235 Ponds in 

Series 

Primary 

Limestone 
Neu t ra l i za t i on  
P i t  

Limes tome 
Neu t ra l i za t i on  
P i t  

Equa l iza t ion and 
D i l l u t i o n  

Primary 

Anderson Oak Nat ional 
Ridge Laboratory 

Anderson Oak Y-12 Area 
Ridge 

Reactor devel-  Primary 
opmen t 
Radioisotope 
Oev. 

Secondary 

Sedimentation Radionucl ides 

None Laundry waste 

Atomic O i l  recovery 
weapons and f l ow  
and compo- equa l i za t i on  
nents, fab- 
r i c a t i o n  
support  f o r  
weapons design 
agencies 

Seepage ponds 

Cl inch River  11.4 

Poplar Creek 1.2 

Poplar Creek 1.3 

Poplar Creek 2.5 

Poplar Creek 2.7 

Poplar Creek 4.5 

C l inch River  12.8 Power house 
san. waste 

White Oak Creek 2.3 may n o t  be 
operat ing 

Me1 ton  Br. 1.1 

White Oak Creek 2.6 

White Oak Creek 2.4 

E. Fk. Poplar 14.7 
Creek 

Bear Creek Head-waters 

(Continued) 



TABLE 2.5-16 (Continued) 

P r i n c i p a l  
Number County City Name o f  I ndus t r y  Product Type Treatment 

1-9 Anderson Oak A g r i c u l t u r a l  Rad io log ica l  Secondary 
Ridge Research research, 

Laboratory app l ied rad io-  
botany, p l a n t  
breeding 

1-10 Knox 

1-11 Knox 

1-12 Knox 

Ha l l s  Avondale Farms Pasteurized Spray i r r i g a -  
Crossroads Creamery Inc .  m i l k ,  m i l k  t i o n  

products None ( coo l i ng )  

Concord 

1-13 Loudon Leno i r  
C i t y  

Broadacres Pasteurized Spray i r r i g a -  
Da i ry  Inc .  m i l k ,  m i l k  t i o n  

products None (coo l ing)  

Herron Packing Custom Primary so l i ds  
Co . s laughter ing removal 

anerobi c 
ox idat ion,  
aerobic 
ox ida t i on  

Eaton, Corp. Locks, door Chemical- 
and window phys ica l  
hardware 

D u t f a l l  
Treated Receiving Locat ion 

Waste Cha rac te r i s t i c s  Stream River  M i l e  Comnents 

Temperature 

Temperature 

COD 
Sus. Sol i ds  
Set. So l ids  

Oi 1 
Cu 
CN 
Cr 
Fe 
Ni 
Pb 
Temperature 

PH 
N 

Scaraboro 8.3 L ivestock 
Creek waste may 

be t r ea ted  
by oxida- 
t i o n  ponds 
and spray 
i r r i g a t i o n  

None 

Drainage 36.7 
D i t ch  t o  
Beaver 
Creek 

None 

Dry stream t o  25.3 
Beaver Creek 

Dry stream 

To Conner Creek 2.1 

Tennessee 600.2 
R i ve r  

(Continued) 



TABLE 2.5-16 (Continued) 

O u t f a l l  
P r i nc ipa l  Treated Receiving Locat ion 
Product Type Treatment Waste Cha rac te r i s t i c s  Stream -- River  M i l e  - C m n t s  Number County City Name o f  I ndus t r y  

Bearings f o r  
R a i l  cars 

None Dis.  So l i ds  
Oi 1 
Cu 
Fe 
Pb 

B lue Springs 0.5 
Creek 

1-14 Loudon Lenoi r 
C i t y  

Southern Railway 
System Lenoi r  
Car Works 

Wampl ers  ' 
Wholesale 
Meats 

Slaughter 
house and 
meat pro- 
cessing 

(S ta te  rec- B'1P5 
ommendati,ons Dis. Sol ids 
pending) Sus. So l ids  

Set. So l ids  
O i l  
Grease 
N 
P 

Secondary BOD  COD^ 

Hines Creek 6.8 1-15 Loudon Lenoi r 
C i t y  

Union Carbide. 
Food Products 
Div.  

Cellophane 
packaging 
f o r  food 
products 

Tennessee 591 -7  
R i ve r  

1-16 Loudon Loudon 

Color 
Sus. So l ids  
Set. So l ids  

Pressure Sedimentation BOD, Sweetwater 22.0 
Creek 

1-17 Monroe Sweet-. 
water 

The Langsdale Co. 
Cherokee Oiv. creosoted and 2 

t imber  skimmer 
COD 

products 
Phenols 
Temoerature 

Corrugated 
paperboard 

Screening Color Tennessee 567.6 
Sus. So l i ds  R iver  
Set. So l ids  
Dis. So l ids  
Temperature 

1-18 Roane Harriman The Mead Corp. 

BOD5 94 mg l l  Emory River  Primary 

(Continued) 



TABLE 2.5-16 (Continued) 

P r i n c i p a l  
Number County City Name o f  I n d u s t r y  Product ' 

1-19 Roane Harriman Roane Hos ie ry  I n c .  Ladies 
h o s i e r y  

1-20 Roane Kingston U.S.-TVA-Kingston E l e c t r i c  
Steam P l a n t  power 

1-21 Roane Rockwood Palm Beach Co. Coats and 
pants 

1-22 Roane Rockwood Roane E l e c t r i c  Manganese 
Furnace Corp. a l l o y  

1-23 Roane Rockwoo8 Tennessee I r o n  and 
Forg ing  Stee l  s t e e l  

cont inuous 
c a s t i n g  

Type Treatment 

None ( c o o l i n g )  

None 

Sedimentat ion 

Secondary 

None ( c o o l i n g )  

None ( r u n o f f )  

None ( c o o l i n g )  

O u t f a l l  
Treated Receiv ing Locat ion  

Waste C h a r a c t e r i s t i c s  Stream R i v e r  M i l e  Comments 

Trace Oi 1s 
T e m ~ e r a t u r e  

B u l l a r d  Br.  0.4 

Sus. Solid; C l i n c h R i v e r  2.6 
Set. S o l i d s  
Temperature 

Sus. Emory R i v e r  
S o l i d s  29.0 mg/l 
Set. 
S o l i d s  
PH 5.2-7.6 

Sus. S o l i d s  
Set. S o l i d s  
Oi 1  
Temperature 

Fe 
Mn 

Sus. S o l i d s  
Set. S o l i d s  
Oi 1 
Cr 
Fe 
Mn 

Sus. S o l i d s  
Set.  S o l i d s  
Oi 1  
Grease 
Temperature 

Post Oak 0.3 
Creek 

C a r d i f f  Cr. 3.3 

C a r d i f f  Cr. 3.3 

C a r d i f f  Cr. 

(Continued) 



TABLE 2.5-1 6 (Continued) 

Receiving 
Stream 

O u t f a l l  
Locat ion 
R i ve r  M i l e  Comnents 

P r i nc ipa l  Treated 
Product Type Treatment Waste Cha rac te r i s t i c s  City Name o f  I ndus t r y  Number County 

1-24 Rhea Dayton Chevron Chemical 
Co . 

Polymer f i b e r s  Evaporat ion No discharge 
None (cool i ng )  Temperature Unnamed 0.5 

t r i b u t a r y  
t o  l i t t l e  
Richland Cr. 

Spring Southern S i l k  
C i t y  M i l l s  

T e x t i l e s  None BOO5 400 rngll 

Color 
PH 
NH3 

Town Creek ' 0.4 1-25 Rhea 

Watts Watts Bar Dam 
Bar Dam 

Hyd roe lec t r i c  None ( f i l t e r  Sus. So l i ds  
power backwash) Set. So l ids  

Tennessee River  

Yellow Creek 

Rhea 

1-26 Rhea 

Rhea 

Watts Watts Bar Nuclear 
Bar Dam P lan t  

Cons t r u o t i o n  T e r t i a r y  BOD5 

Watts Watts Bar Steam 
Bar Dam P lan t  

( u t i l i t y  b u i l d -  
i ng )  

E l e c t r i c  Secondary BOD5 
power NH3-N 

Tennessee R i ve r  

Hiwassee River  15.9 1-27 Bradley Charleston 01 i n  Corporat ion Caust ic soda, Recovery, Dis.  
ch lo r i ne  and lagoons, So l ids  20,000 mg l l  
h igh t e s t  con t ro l l ed  C1 10,000 mg/l 
hypoch lor i te  release Hg 30 uq / l  

C12 1  mg/l 

None (cool i ng  ) Temperature 
Hg 

Enameled 
k i tchen 

Tota l  
So l ids  4.840 mg l l  

B ig  Spring 
Creek 

1-28 Bradley Cleveland Magic Chef Inc. 

appl iances Sus. 
So l ids  650 mg l l  
A c i d i t y  3.100 mg l l  
Cr 0.186 mgl l  
CN 4 . 1 0  mg/l 
Fe 570 mgl l  
N i 10.1 mgl l  

(Continued) 



TABLE 2.5-1 6 (Cont inued)  

O u t f a l l  
P r i n c i p a l  Treated Receiv ing L o c a t i o n  

Number County City Name o f  I n d u s t r y  Product  Type Treatment Waste C h a r a c t e r i s t i c s  Stream R i v e r  M i l e  Comnents - 
1-29 McMinn Cal houn Bowaters Southern Newspr int  and Sedimentat ion,  BOD5 201 mg/l Hiwassee 16.5 

Paper Co. su lpha te  c o n t r o l l e d  Total R i v e r  
P U ~  P r e l e a s e  S o l i d s  1,260 mg/l 

Sus. 
S o l i d s  56.5 mq/l 
PH 6.8 

* I d e n t i f y i n g  numbers correspond t o  F igure  2.5-11 

Blank spaces i n d i c a t e  da ta  i s  u n a v a i l a b l e  

DATA SOURCE: 
' "Comprehensive P l a n  f o r  Water Q u a l i t y  Management" TVA, January 1969, Volume I 1  

L i s t  o f  Mun ic ipa l  Wastewater Systems i n  Tennessee w i t h  Data Concerning Treatment and Disposal ,  January 1973 

1970 Census o f  P o p u l a t i o n  

Tennessee P u b l i c  Hear ings:  C l i n t o n  January 19, 1971; K n o x v i l l e  January 25, 1972 Spr ing  C i t y  March 8, 1971; 
Athens June 11, 1970; C leve land  March 23, 1972 

Tennessee Department o f  P u b l i c  Hea l th :  D i v i s i o n  o f  Water Q u a l i t y  Con t ro l  and V i s i s i o n  o f  S a n i t a r y  Engineer ing,  
K n o x v i l l e  and Chattanooga O f f i c e s  



TABLE 2.5-17 

Date B o r i n g  - 

6-26 10/2/73 

9/28/73 

9/28/73 

9/29/73 
-- 

1012173 

10/2/73 

1012173 

T e s t  1 

Sec t ion  

SUMMARY OF PACKER TEST DATA 

Permeabi l i t y  Tests a t  CRBRP S i t e  

L~ 
( f e e t )  

274 

266 

248 

228 

208 

188 

148 

78 

G.W. 
Depth ( f e e t )  

23.1 

23.1 

23.1 

57.8 

23.1 

23.1 

23.1 

23.1 

~9~ 
( f e e t )  

H 
( f e e t )  

68.6 

64.7 

64.7 

99.4 

61.7 

67.1 

67.1 

67.1 

Geolog ic  
9 

Hor izon 

U.A.S.S. 

U.A.S.S. 

U.A.S.S. 

U.A.S.S. 

U.A.S.S. 

U.A.S.S. 

A.L.S. 

L.A.S.S. 

6-27 11/8/73 35-245 210 41 0 24.5 3.5 23.1 24.5 47.6 30 A.L.S. 

11/8/73 60-245 185 460 24.5 2.8 23.1 24.5 47.6 27 A.L.S. 

11 18/73 80-245 165 500 24.5 2.3 46.2 24.5 70.7 16 A.L.S. 

11 18/73 100-245 145 550 24.5 1.1 46.2 24.5 70.7 9 A.L.S. 

11/8/73 120-245 125 620 24.5 0.8 46.2 24.5 70.7 7 L.A.S.S. 

8-28 11/13/73 16-25 9 5300 41 .O 8.7 23.1 21.5 44.6 1040 U.A.S.S. 

1111 3/73 19-28 9 5300 41 .O 8.8 23.1 24.5 41.6 980 U.A.S.S. 

(Continued) 



TABLE 2.5-1 7 (Conti 'nued) 

L~ G.W. Q~ P M6 H 5 147 K~ Geolog ic  9 ~ e s t '  
Bo r ing  5 Sec t ion  - ( f e e t )  - Depth 0 ( f e e t )  ( f e e t )  ( f e e t )  ( f t / y r )  Hor i zon  

B-28 1111 3/73 27-36 9 5300 41 .O 3.1 23.1 32.5 55.6 298.0 U.A.S.S. 

Continued 11/13/73 41-50 9 5300 41 .O - - 0 42.0 - - * U.A.S.S. 

11/13/73 50-271 221 390 41.0 0.47 23.1 42.0 65.1 2.8 U.A.S.S.. 

11/13/73 90-271 181 470 41 .O 0.96 23.1 42.0 65.1 6.9 U.A.S.S. 

B-29 11/12/73 30-335 305 290 37.0 2.5 23.1 38.0 61.1 11.9 U.A.S.S. 

11 /I 2/73 40-335 295 300 37.0 0.21 46.2 38.0 84.2 0.75 U.A.S.S. 

11/12/73 50-335 285 305 37.0 0.76 69.3 38.0 107.3 2.2 U.A.S.S. 

11/12/73 80-335 255 340 37.0 4.45 92.4 38.0 130.4 11.6 U.A.S.S. 

B-30 12/4/73 11 -20 9 5300 44.0 11.3 23.1 16.5 39.6 1510.0 U.A.S.S. 

12/5/73 2 0 - 2 5 3 . 5 '  233.5 370 44.0 14.8 23.1 45.0 68.1 80.0 U.A.S.S. 

12/5/73 65-253.5 188.5 450 44.0 9.9 23.1 45.0 68.1 65.0 U.A.S.S. 

12/5/73 88-253.5 165.5 500 44.0 2.2 46.2 45.0 91.2 12.0 U.A.S.S. 

12/5/73 144-253.5 139.5 560 44.0 0.5 46.2 45.0 91.2 3.1 A.L.S. 

( c o n t i n u e d )  



wJ 

TABLE 2.5-1 7 (Continued) 

Test 1 L~ 3 G.W. q4 H ~ 5  Hg6 H~ Geologic 9 
Boring Date Section ( fee t )  .Depth (gpm) (feet)  ( feet)  ( feet)  (ft/yr) Horizon 

B-31 11/1/73 82-91 9.0 5300 64.4 12.5 23.1 66.4 89.5 740 A.L.S. 

11/1/73 92-101 9.0 5300 64.4 12.0 23.1 66.4 89.5 711 A.L.S. 

11/1/73 101-110 9.0 5300 64.4 12.0 23.1 66.4 89.5 711 A.L.S. 

10/21/73 110-252 142.0 560 64.4 1.8 23.1 66.4 89.5 112 L.A.S.S. 

A.L.S. 

A.L.S. 

A.L.S. 

A.L.S., 
L.A.S.S. 

L.A.S.S. 

L.A.S.S. 

L.A.S.S. 

L.A.S.S. 

B-35 10127173 51.5-284 232.5 375 10.0 6.2 23.1 11.5 34.6 67 A.L.S.,  
L.A.S.S. 

-- 62-284 -- - - - - -- -- - - -- -- 

(Continued) 



TABLE 2.5-17 (Continued) 

Test 1 G.W. Q4 H 5 
P ~9~ ~7 K~ Geologic 

9 

Bo r i ng  Date Sect ion Depth (gpm) ( f e e t )  ( f e e t )  ( f e e t )  ( f t / y r )  Horizon 

B-35 10/27/73 95-284 189.0 450 17.0 4.9 23.1 18.5 41.6 53.0 L.A.S.S. 

Continued 10/26/73 130-284 154.0 525 27.0 4.8 23.1 28.5 51.6 49.0 L.A.S.S. 

10/27/73 169-284 115.0 670 27.0 3.3 23.1 28.5 51.6 42.0 L.A.S.S. 

10/27/73 218-284 66.0 1080 27.0 2.7 23.1 28.5 51.6 57.0 L.A.S.S. 

10127173 238-284 46.0 1450 27.0 2.0 46.2 28.5 74.7 39.0 L.A.S.S. 
KNOX 

8-36 11/1/73 36.5-274.5 238.0 365 77.0 3.9 46.2 77.0 123.2 12.0 L.A.S.S. 

11/1/73 50-274.5 224.5 385 77.0 4.4 46.2 77.0 123.2 14.0 L.A.S.S. 

11/1/73 70-274.5 204.5 420 77.0 3.1 46.2 77.0 123.2 11.0 L.A.S.S. 

11/1/73 90-274.5 184.5 460 77.0 2.6 46.2 77.0 123.2 10.0 L.A.S.S. 

11/1/73 110.274.5 164.5 500 77.0 3.0 46.2 77.0 123.2 12.0 L.A.S.S. 

B-39 11 19/73 20-29 9.0 5300 38.6 4.0 46.2 41.6 87.8 242.0 U.A.S.S. 

11 18/73 28.5-329 300.5 290 38.6 7.5 23.1 41.6 64.7 33.5 U.A.S.S. 

11/8/73 50-329 279.0 310 38.6 5.5 23.1 41.6 64.7 26.4 U.A.S.S. 

11 18/73 65-329 264.0 330 38.6 5.1 23.1 41.6 64.7 26.0 U.A.S.S. 

11 18/73 85-329 244.0 360 38.6 1.03 46.2 41.6 87.8 4.2 U.A.S.S. 

11 18/73 85-329 244.0 360 38.6 2.32 69.3 41.6 110.9 7.5 U.A.S.S. 

(Continued) 



TABLE 2.5-1 7 (Continued) 

B o r i n g  Date 

B-40 9/25/73 

9/25/73 

9/25/73 

9/25/73 

9/25/73 

9/24/73 

9/24/73 

9/24/73 

9/23/73 

9/23/73 

9/23/73 

9/23/73 

9/23/73 

T e s t  1 

S e c t i o n  

30-39 

36-45 

46-55 

57.5-66.5 

68.5-77.5 

81 -90 

91 -1 00 

101-110 

110-314 

140-31 4 

184-314 

220-31 4 

259.5-314 

L~ 3 G.W. Q~ P Hg6 H' K~ Geologic H 5 9 

( f e e t )  2 D e p t h  (gpm) ( f e e t )  ( f e e t )  ( f e e t )  ( f t / y r )  Hor izon 

A.L.S. 

A.L.S. 

A.L.S. 

A.L.S. 

A.L.S. 

A.L.S. 

A.L.S. 

A.L.S. 

L.A.S.S. 

L.A.S.S. 

L.A.S.S. 

L.A.S.S. 

KNOX 

11/5/73 140-301.5 161.5 500 78.0 1.22 23.1 78.0 101.1 6 B, 
U.A.S.S. 

11 15/73 150-301 .5 151.5 530 78.0 1.54 23.1 78.0 101.1 8 U.A.S.S. 

p~~ --- 

(Continued) 



TABLE 2.5-17 (Continued) 

Tes t  1 G.W. H 5 Q~ P ~9~ H~ Geolog ic  9 
B o r i n g   ate Sec t ion  ( f e e t )  q _  Depth (gpm) ( f e e t )  ( f e e t )  ( f e e t )  ( f t I y t - 1  Hor i zon  

8-46 11/6/73 30-78.9 48.9 1380 53.8 6.24 23.1 54.8 77.9 111 U.A.S.S. 

11 16/73 65-78.9 13.9 3900 53.8 0.15 46.2 54.8 101.0 6 U.A.S.S. 

B-47 12/4/73 83-92 9.0 5300 59.6 6.0 23.1 60.6 83.7 380 A.L.S. 

12/3/74 89-98 9.0 5300 59.6 4.8 23.1 60.6 83.7 304 A.L.S. 

12/3/73 98-1 07 9.0 5300 59.6 11.0 23.1 60.6 83.7 697 A.L.S. 

11/30/73 108-370 262.0 340 59.6 3.7 23.1 60.6 83.7 15 L.A.S.S. 

11/30/73 115-370 255.0 340 59.6 3.1 46.2 60.6 106.8 10 L.A.S.S. 

11/30/73 140-370 230.0 380 59.6 1.1 46.2 60.6 106.8 4 L.A.S.S. 

11/30/73 150-370 220.0 400 59.6 1.2 46.2 60.6 106.8 4 L.A.S.S. 

(Continued) 



TABLE 2.5-1 7 (Continued) 

T e s t  1 
G.W. Q4 H 5 

~9~ H~ K~ Geolog ic  9 
B o r i n g  Date Sec t ion  ( f e e t )  1 Depth (gpm) ( f E e t )  ( f e e t )  ( f e e t )  ( f t / y r )  Hor i zon  

8-49 11/7/73 57.5-1 44 86.5 860 68.8 10.8 23.1 71.8 94.9 98 B 
11 /7/73 70-144 74.0 980 68.8 2.2 46.2 71.8 118.0 18 B 
11/7/73 85-1 44 59.0 -- - - 0.0 46.2 71.8 -- 0 B 
11/6/73 110-144 34.0 -- -- 0.0 115.5 71.8 -- 0 U.A.S.S. 

B-50 11/2/73 78-241 163.0 500 66.0 2.7 23.1 68.0 91.1 15 B 
11/2/73 90-241 151.0 535 66.0 2.6 23.1 68.0 91.1 15 B 

11/2/73 100-241 141.0 560 66.0 2.6 23.1 68.0 91.1 16 B 
11 /2/73 201 -241 40.0 1650 66.0 1.4 23.1 68.0 91.1 25 U.A.S.S. 

8-51 11/20/73 31 -40 9.0 5300 57.0 1.0 23.1 37.5 60.6 91 A.L.S. 
11/20/73 36.5-45.5 9.0 5300 57.0 0.46 23.1 43.0 66.1 37 A.L.S. 

11/20/73 45.5-54.5 9.0 5300 57.0 0.11 23.1 52.0 75.1 8 A.L.S. 

11/20/73 34.5-63.5 9.0 5300 57.0 17.2 23.1 59.0 82.1 1110 A.L.S. 
11/20/73 83-338.5 255.5 340 57.0 2.67 46.2 59.0 105.2 9 A.L.S. 
11/20/73 100-338.5 238.5 365 57.0 1.86 46.2 59.0 105.2 6 A.L.S., 

L.A.S.S. 

(Continued) 



TABLE 2.5-17 (Continued) 

Tes t  1 L~ 3 G.W. H 5 
Q~ P H K~ Geologic  9 

Bor ing  Date Sect ion ( f e e t )  
Hg6 

Depth (gpm) ( f e e t )  ( f e e t )  ( fee t )  ( f t / y r )  Hor izon 

B-53 11 129173 53-200 147.0 540 84.0 0.15 46.2 85.5 131.7 0.6 KNOX 

11/29/73 90-200 110.0 700 84.0 0.15 23.1 85.5 108.6 1.0 KNOX 

8-66 11/29/73 37-101 64.0 1100 44.7 0.12 46.2 46.7 92.9 1.4 KNOX 

11/29/73 50-1 01 51.0 1350 44.7 0.08 46.2 46.7 92.9 1.2 KNOX 

11/29/73 73-101 28.0 2200 44.7 0.12 46.2 46.7 92.9 2.8 KNOX 

B-67 1111 7/73 20-29 9.0 5300 35.0 -- - - -- - - * KNOX 

11/17/73 24-33 9.0 5300 35.0 0.08 46.2 30.1 76.3 5.6 KNOX 

11/17/73 33-42 9.0 5300 35.0 0.0 - - - - - - 0.0 KNOX 

11/17/73 42-51 9.0 5300 35.0 0.0 - - - - -- 0.0 KNOX 

11 /I 7/73 51 -60 9.0 5300 35.0 9.1 23.1 36.6 59.7 807.0 KNOX 

11/16/73 40-100 60.0 1180 35.0 9.2 23.1 36.6 59.7 182.0 KNOX 

11/15/73 61-100 39.0 -- 35.0 0.0 - - - - - - 0.0 KNOX 

* 
Take i n  Test  Sect ion Exceeded Capacity o f  Test  Equipment 

(Con t i  nued) 



TABLE 2.5-1 7 (Continued) 

Test Sect ion = f i r s t  number i nd i ca tes  top l e v e l  and second number i nd i ca tes  
bottom l e v e l  o f  t e s t  sect ion.  

L  = length  o f  t e s t  sec t ion  ( f t )  

Cp = c o e f f i c i e n t  o f  permeabi l i t y  

Q = average i n f l o w  (gpm) 

Hp = pumphead ( f t )  

Hg = g r a v i t y  head ( f t )  

H = Hp + Hg 

4 K = Permeabi l i t y  - (K = Cp ) 

Geol og i  c  Hor i  zon 

U.A.S.S. - Upper U n i t  A  S i l t s t o n e  

L.A.S.S. - Lower U n i t  A  S i l t s t o n e  

A.L.S. - U n i t  A Limestone 

B. - U n i t  B  Limestone 

6 



Map* 
Ident .  
No. 

Location 
La t i t ude  Longitude 

TABLE 2.5-18 

SUMMARY OF WELL SURVEY DATA 

We1 1 
Depth 
( f e e t )  

206 
80 
80 
7 5 
6 5 
40 
40 

80 
100 
90 
65 
68 

125 
185 
75 
85 
67 
42 

100 
2 8 

185 
47 
50 
5 5 
85 

Estimated 
Elev. ( f e e t )  

Water 
Ground Surf .  Remarks 

112 hp pump 
113 hp pump 

2 gpm 
1 house, 2 mobi le 

1 house, 2 businesses 
113 hp pump 
114 hp pump 
16 mobile homes 
10 gpm 
112 hp pump 

3 gpm 
1 house, 1 mobile home 

garden use on ly  
1 house, 1 mobile home 

house, serv ice  s t a t i o n  
112 hp pump 
10 gpm 

(Continued) 



TABLE 2.5-18 (Continued) 

Estimated 
Map* 

Ident. 
No. 

26 
2 7 
28 
29 
30 
31 
32 

33-S 
34 
35 
36 
37 
38 
39 
40 
4 1 
42 
43 

44-S 
45-S 
46 
47 
48 
49-S 
50-S 

Location 
Latitude Longitude 

We1 1 
Depth 
( f e e t )  

125 
65 
6 5 

11 0 
125 
75 
5 0 

75 
98 

125 
90 

110 
60 

108 
85 
6 5 

150 

340 
125 
50 

Elev. ( f e e t )  
Water 

Ground Surf.  

We1 1 
Dia. 
(feet) Remarks 

spr ing,  3 gpm 

spr ing,  5 gpm 
spring 

314 hp pump 

spring 
spring 

(Continued) 



TABLE 2.5-18 (Continued) 

Map* 
Iden t .  
No. 

We1 1 
Depth 
( f e e t )  

Es t imated 
Elev.  ( f e e t )  

Water 
We1 1 
Dia.  
(feet) 

Loca t i on  
L a t i t u d e  Long i tude Ground S u r f .  Remarks 

s p r i n g  
1/2 hp pump 

s p r i n g  
1 hp Pump 

3/4 hp pump 

sp r i ng ,  6 gpm 

1 hp Pump 
1.5 hp pump 
3 houses 
business; 1 hp pump 

business 

business 
l o c a t i o n  o f  w e l l s  71,72 
73 approximate.  
Supply f o r  commercial 
Campground 
2 houses; 1 hp pump 



TABLE 2.5-18 (Continued) 

We1 1 
Depth 
( f e e t )  

Es t imated 
  lev. ( f e e t )  

Water 
We1 1 
Dia.  

( f e e t )  - 

Map* 
I d e n t .  
No. 

Loca t i on  
L a t i t u d e  Long i tude Ground Su r f .  Remarks 

sp r i ng ,  7 gpm 
1 hp Pump 

2 houses, 112 hp pump 
1 hp Pump 
3 houses, church 

sp r i ng ,  10 gpm 
sp r i ng ,  3 gpm 
sp r i ng ,  4 gpm 

112 hp pump 
1 hp Pump 
bus i  ness 
sp r i ng ,  3 gpm 
sp r i ng ,  7 gpm 
sp r i ng ,  5 gpm 

sp r i ng ,  4 gpm 
.5 112 hp pump 

sp r i ng ,  2 gpm 
sp r i ng ,  114 gpm 

3.0 2 houses, 1.5 hp pump 
.33 1 hp Pump 

(Continued) 



TABLE 2.5-1 8 (Cont inued)  

Map* 
Ident .  
No. 

Locat ion 
La t i t ude  Longitude ( f e e t )  

Estimated 
Elev. ( f e e t )  

Water 
Ground Surf .  

*Iderrt i  f y i  ng map numbers correspond t o  Figure 2.5-1 2 

We1 1 
Dia. 
(feet) Remarks 

spr ing,  3 gpm 

.5 112 hp pump 

.5 314 hp pump 



TABLE 2.5-19 

DATA ON PUBLIC GROUND WATER SUPPLIES WITHIN A 20-MILE RADIUS OF THE SITE 

(Map Reference Numbers Correspond t o  F igure  2.5-1 3) 

Water Supply  

Approxi mate 
Radi a1 Distance 
From S i t e  (m i les )  

Pub1 i c Suppl i es 

Bushy Mountain S t a t e  Honor Farm 17.9 

Cumberland U t i l  i t y  D i s t r i c t * *  6.7 

D i x i e  Lee U t i l i t y  ~ i s t r i c t '  8.6 

Dutch Va l ley  Elementary School 16.8 

Edgewood Elementary School 3.5 

F i r s t  U t i l i t y  D i s t r i c t  qf 17.1 
Anderson County 

~i ngs ton" 8.8 

Loudoun 

Midtown 

Midway High School 

01 i ver Spr ings 

P a i n t  Rock Elementary School 

Ph i l ade lph ia  Elementary School , 

Piney U t i l i t y  D i s t r i c t  

P la teau U t i l i t y  D i s t r i c t  

Roc kwood 

West Knox U t i l i t y  D i s t r i c t  17.8 

Est imated 
Popula t ion 

Served 

Average 
D a i l y  Use 
(ga l  1 ons) Source 

We1 1 

Spr ing 

Spr ing 

We1 1 

We1 1 

Spr ing 

Spr ing 

Spr ing 

We1 1 

Spr ing 

Spr ing 

We1 1 

We1 1 

Spr ing 

We1 1 

s p r i  ngv 

s p r i  ngV 

Map* 
Reference 

Number 

(Continued) 



TABLE 2.5-1 9 (Continued) 

Water Supply 

Approximate 
Radial Distance 
From S i t e  (mi les)  

I n d u s t r i a l  Suppl i e s  

Charles H. Bacon Co., ~ o u d o u n ~  10.2 

Char1 es H. Bacon Co. , Lenoi r  C i t y  vv 9.8 

John J. Cra ig  Company 13.8 

Lenoi r  C i t y  Car Works 9.3 

Morgan Apparel Co. 17.8 

Hosiery M i l  1s 14.5 

Ralph Rogers Co., Inc.  11.4 

Estimated Average 
Populat ion D a i l y U s e  

Served h a 1  1 ons ) 

- - 300,000 

-- 255,000 
- - 34,600 

-- 30,000 
-- 3,000 

-- 20,000 

- - 24,000 

*Map reference numbers correspond t o  F igure 2.5-13 

**Also has an a u x i l i a r y  water in take  a t  L i t t l e  Emory River  m i l e  3.9 

'1ncl udes Mar t i  1 U t i l i t y  D i s t r i c t  

" ~ l s o  has an a u x i l i a r y  water in take  a t  Tennessee River  m i l e  568.2 

V ~ l s o  uses surface sources 

V V ~ a t e r  supply i s  a lso  used for  potab le  water w i t h i n  the  p l a n t  

Source 

Spring v 

We1 1 

we1 lv 

We1 1 

We1 1 

We1 1 

We1 1 

Map* 
Reference 
Number 



Sample 

Depth ( o r  Format ion)  

pH 
C o n d u c t i v i t y  

(Micromhos) 

S i l i c a  (S i02)  

I r o n  (Fe) 

T o t a l  Hardness 

as CaC03 

IU Calcium (Ca) 

cn Magnesium (Mg) 
I 
m Sodium (Na) 
0 

Potassium 

B icarbona te  (HC03) 

Carbonate (C03) 

S u l f a t e  (SO4) 

C h l o r i d e  (C1 ) 

F l u o r i d e  ( F )  

N i t r a t e  (N) 

T u r b i d i t y  JTU 

T o t a l  D isso lved  Sol i d s  

TABLE 2.5-20 

RESULTS OF CHEMICAL AND PHYSICAL TESTS OF GROUND-UATER QUALITY* 

(Locat ion o f  Me l l s  i s  Shown i n  F igure  2.5-14) 

* A l l  r e s u l t s  i n  p a r t s  p e r  m i l l i o n  except  pH, C o n d u c t i v i t y  and T u r b i d i t y .  Loca t ion  o f  w e l l s  shown i n  F igure  2.5-14 

**Data on w e l l s  A  th rough  H reproduced f rom Tab le  70, page 344, r e f e r e n c e  12. 

+ ~ ~ k = ~ n o x ,  ~c=Conasauga, Olmc=Chickamauga, Olv=Longview (Knox), ~r=Rome 



Figure 2.5-1  TOPOGRAPHY OF CLINCH R IVER S I T E  







MI LES ABOVE MOUTH ' 

F igure  2.5-4 DOWNSTREAM PROFILE OF THE CLINCH R I V E R  
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Figure 2.5-5 BATHYMETRIC CHAF?T OF CLImICH RIVER I N  THE V I C I N I T Y  OF THE INTAKE 
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F igu re  2.5-6 BATHYMETRIC CHART OF CLINCH R I V E R  I N  THE V I C I N I T Y  OF THE DISCHARGE 
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F igu re  2.5-7 CROSS-SECTIONAL PROFILE  OF CLINCH R IVER I N  THE 
V I C I N I T Y  OF THE INTAKE 
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Figure 2.5-8 CROSS-SECTIONAL PROFILE OF CLINCH RIVER IN THE VICINITY OF THE DISCHARGE 
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Key: Corresponds t o  Table 2.5-18 

Figure 2.5-12 LOCATIONS OF WELLS AND SPRINGS 
WITHIN 2-MILE RADIUS OF CRBRP 



I 
SCALE OF M l LES 

A GROUND WATER .SUPPLIES 

Key: Corresponds to Table 2.5-19 

Figure 2.5-1 3 LOCATION OF PUBLIC AND INDUSTRIAL GROUNDWATER SUPPLIES 



OBSERVATION WELLS INSTALLED 
BY JAN 4,1974 

Key: Corresponds t o  Table 2.5-20 

F igu re  2.5-1 4 LOCATION OF OBSERVATION WELLS 



SCALE IN FEET 

GROUND WATER OBSERVATlON WELL 

< GROUNDWATER CONTOUR 

Figure 2.5-15 S I T E  GROUNDWATER CONTOURS, DECEMBER 24, 1 9 7 3  



SCALE IN  FEET 

.GROUND WATER OBSERVATION WELL . 

< GROUNDWATER CONTOUR 

Figure 2.5-16 SITE GROUNMATER CONTOURS, JANUARY 2, 1974 



2.6 METEOROLOGY 

2.6.1 REGIONAL CLIMATOLOGY 

Meteorological data from the Oak Ridge Area Sta t ion X-10, ") located 

4.5 miles northeast  of the Clinch River Breeder Reactor Plant (CRBRP)  

S i t e ,  were used t o  character ize  the Meteorology/Climatology of the  region 

including the S i t e .  Oak Ridge Area Sta t ion X-10 was a f i r s t  order 

Weather Bureau Stat ion from 1944 t o  1964. (First order Weather Bureau 

Sta t ions  a r e  usually located a t  major a i r po r t s  and a r e  manned 24 hours 

a day. These s ta t ions  record hourly visual observations as  well a s  

wind, temperature, dewpoint, e t c .  Second order s t a t ions  only record 

and/or transmit data on physical phenomena.) From 1964 t o  1972 only 

wind, temperature, dewpoint and d i f f e r en t i a l  temperature were recorded. 

The s t a t i on  was discontinued i n  December 1972. Local climatological 

data on r e l a t i ve  humidity, thunderstorm days and occurrences of heavy 

fog a r e  avai lable  from the  Knoxville Airport Weather  tati ion,'^) located 

about 20 miles e a s t  of the  S i t e ,  and from the Weather Bureau's Oak Ridge 

City ~ f f i c e , ' ~ )  located 10 miles northeast  of the S i t e .  Locations 
of these weather s t a t i ons  a r e  shown i n  Figure 2.6-1. General information 

on the climate of the  S t a t e  i s  avai lable  from the U .  S. Weather Bureau. (5 

Other sources of special ized data a re  referenced a s  they appear i n  t h i s  

section.  

The S i t e  is located in Roane County, Tennessee i n  a broad valley between 

the  Cumberland Mountains t o  the  northwest and the Great Smoky Mountains 

t o  the  southeast.  Topography of the  S i t e  i s  characterized by subparallel  

r idges w i t h  intervening val leys ,  a s  discussed in Section 2.4. Elevations 

of the ridge c r e s t s  range between 900 and 1,200 f e e t .  

Topography of the  S i t e  i s  characterized by a se r ies  of para l le l  r idges 

separated by long, narrow valleys extending in a northeast-southwest 

d i rect ion.  The S i t e  l i e s  along a ro l l ing  f lank of one of these r idges.  



Di f fe rences i n  e l e v a t i o n  have a measurable i n f l uence  on the  changes i n  

c l ima te  along a NE-SW axis ;  s t a t i o n s  a t  a s i m i l a r  e l e v a t i o n  have s i m i l a r  

annual mean temperatures and p r e c i p i t a t i o n  normal s. (5) 

P r e v a i l i n g  winds i n  t he  reg ion  r e f l e c t  the  channel ing o f  a i r  f l o w  caused 

by the  o r i e n t a t i o n  o f  v a l l e y s  and r i dges  o f  t he  southern Appalachians; 

winds are  genera l l y  no r theas te r l y  o r  southwester ly.  Mean annual wind 

speeds a r e  low compared t o  o ther  areas o f  Tennessee and the  Uni ted 

States. (6) For example, the  mean speed du r ing  t h e  16-year per iod  o f  

record  i f  4.4 m i les  per  hour a t  the Oak Ridge City O f f i c e .  This i s  the  

lowest  mean annual value f o r  a l l  r e p o r t i n g  s t a t i o n s  summarized i n  the  

C l ima t i c  A t l a s  o f  t h e  Uni ted States. (6  

The reg ion  has a m i l d  c l ima te  c l a s s i f i e d  Caf by Koppen; i t  i s  humid, has 

a mean temperature f o r  t he  warmest month o f  the year i n  excess o f  

71.6 degrees F and has no d i s t i n c t  d r y  season. (7 )  March i s  normal ly  t he  

w e t t e s t  month and October the  d r i e s t .  P r e c i p i t a t i o n  i s  heaviest  from 

December through March when c y c l o n i c  a c t i v i t y  i s  h igh  and i n  J u l y  and 

August when convect ive showers occur. Maximum recorded r a i n f a l l  i n  a 

24-hour pe r iod  equaled 7.75 inches; t h i s  occurred a t  Oak Ridge Area 

S t a t i o n  X-10 i n  September 1944. Temperatures above 90 degrees F occur 

on a t o t a l  o f  32 t o  46 days(5) i n  an average year.  Zero and sub-zero 

temperatures a t  the  X-10 S t a t i o n  were observed dur ing  the  months o f  

December, January o r  February i n  fewer than h a l f  the  years from 1945 

through 1964. Synoptic ( reg iona l  ) sca le  weather systems move through 

eastern Tennessee w i t h  i r r e g u l a r i t y .  These storm systems are  most f r e -  

quent dur ing  December and January and cause a maximum monthly number o f  

c loudy days and extensive p r e c i p i t a t i o n .  Summer season storm systems 

are  u s u a l l y  weaker and tend t o  pass t o  the  nor th ,  leav ing  eastern 

Tennessee w i t h  sunshine in te rspersed w i t h  thunderstorm a c t i v i t y .  Between 

50 and 60 thunderstorm days occur per  year, w i t h  a peak number o f  storms 



occur r ing  i n  Ju l y .  ( 5 )  About n ine  thunderstorms per month occur du r ing  

the  per iod  o f  May through August. The region,  i n c l u d i n g  the  S i te ,  i s  

sub jec t  t o  a  small p r o b a b i l i t y  o f  tornado occurrence. 

Humidity v a r i e s  w i t h  wind d i r e c t i o n ,  genera l l y  being lowest  w i t h  nor th -  

east  winds and h ighes t  w i t h  southeaster ly  t o  southwester ly  winds. Rela- 

t i v e  humid i ty  i s  lowest  i n  the  afternoons and h ighes t  a t  n i g h t .  Average 

annual humid i ty  i n  Tennessee i s  near 70 percent.  (6) This  i s  about 

average f o r  most o f  t he  Un i ted  States eas t  o f  t he  95th mer id ian.  F lo r i da ,  

the  Gu l f  Coast and the  A t l a n t i c  Seaboard have h igher  humid i t i es  than 

eastern Tennessee; whereas, the  mountains and deser t  regions o f  the  

Western Uni ted States have l e s s  humidi ty .  

2.6.1.1 MAXIMUM RAINFALL 

Maximum recorded p o i n t  r a i n f a l l  f o r  the  K n o x v i l l e  A i r p o r t  f o r  i n t e r v a l s  

o f  5  minutes t o  24 hours i s  l i s t e d  i n  Table 2.6-1. (8) Maximum monthly 

and annual p r e c i p i t a t i o n  recorded a t  t he  Oak Ridge City O f f i c e  was 

19.27 inches i n  J u l y  1967 and 76.33 inches i n  1973, respec t i ve l y .  (4 )  

Monthly and annual extremes o f  14.11 inches i n  J u l y  1967 and 66.20 inches 

i n  1950, respec t i ve l y ,  were recorded a t  Oak Ridge Area S t a t i o n  X-10. (2  

Maximum measured annual r a i n f a l l  a t  Knoxv i l l e  was 61.49 inches i n  1957. (3  

Calculated r a i n f a l l  f o r  t he  S i t e  area f o r  t ime per iods o f  0.5, 1, 2, 3, 

6, 12 and 24 hours f o r  a  recurrence i n t e r v a l  o f  100 years i s  g iven i n  

Table 2.6-2. (9)  

2.6.1.2 SEVERE SNOW AND GLAZE STORMS 

Winter storms which produce a  snowfal l  i n  excess o f  one i n c h  o r  g laze 

a re  uncommon i n  eastern Tennessee. Snowfal ls o f  one i nch  o r  more occur 

on an average o f  one day per  month i n  the  co lder  months. ( 5 )  The area 

can expect about th ree  s i g n i f i c a n t  snowfal ls  per  year which could be 

measured a t  one o r  more inches. (5 )  It i s  unusual t o  have snow cover f o r  



more than a week a t  a t ime. (3)  V a r i a t i o n s  recorded over a pe r i od  of 

26 years show t h a t  i n  March 1960, a maximum o f  21 inches o f  snow accumu- 

l a t e d  w i t h  12 inches f a l l i n g  i n  a s i n g l e  day. Normal snowfal l  f o r  

March i s  1.5 inches. (4 )  H ighes t  average normal monthly t o t a l  i s  

3.2 inches, occu r r i ng  i n  January. 

Glaze occurred from th ree  t o  s i x  t imes per  year  du r i ng  a 28-year survey 

pe r i od  ending i n  1953. ( I 0 )  Freezing r a i n  can occur du r i ng  t h e  normal ly  

co lde r  months o f  t he  year  when r a i n  f a l l s  through a very  shal low l a y e r  

o f  c o l d  a i r  f rom an o v e r l y i n g  warm l a y e r .  Rain then f reezes on con tac t  

w i t h  t h e  ground o r  o the r  ob jec t s  t o  form glaze. December through e a r l y  

March i s  t he  pe r i od  w i t h  t h e  h ighes t  f requencies o f  g laze  storms. Based 

on l i m i t e d  per iods o f  data c o l l e c t i o n ,  s i g n i f i c a n t  g laze  storms producing 

a g laze i c e  th ickness o f  0.25 i n c h  o r  more on w i res  occur i n  eastern 

Tennessee on an average o f  one storm every two years. occurrences 

f o r  g laze storms app l i cab le  t o  t h e  area i n c l u d i n g  t h e  S i t e  a r e  as 

-) f o l l o w s :  
(10) 

Thickness o f  0.25 i nch  o r  g rea te r  Once every two years 

Thickness o f  0.50 i n c h  o r  g rea te r  Once every f i v e  years 

Thickness o f  0.75 i nch  o r  g rea te r  Once every t en  years 

2.6.1.3 THUNDERSTORMS AND HAIL 

Thunderstorms occur on an average o f  54 days per  year .  ( 4 )  The month o f  

J u l y  u s u a l l y  has the  most. An average o f  about n ine  thunderstorm days 

per  month occur throughout t he  season from May through August. As can 

be seen i n  Table 2.6-3, t h e  months o f  October through January have the  

fewest thunderstorms. 

H a i l  i s  n o t  t oo  f requent  b u t  i t  does occur w i t h  sp r i ng  thunderstorms 

which are  u s u a l l y  associated w i t h  t he  passage o f  squa l l  l i n e s  o r  c o l d  

f r o n t s .  On an index o f  p o t e n t i a l  h a i l  damage t o  r e s i d e n t i a l  p roper ty ,  



calculated fo r  each area formed by one degree of l a t i t ude  and one degree 

of longitude, the S i t e  i s  i n  a region of low potential  loss  due t o  

hai 1. ( I 1 )  Maximum values of the  index occur i n  northwest Kansas where 

the  index i s  50. The index i n  eastern Tennessee i s  about 5. Therefore, 

on a geographical basis the S i t e  i s  s i tua ted  i n  a region where hail  i s  

not a s ign i f ican t  fac to r .  

2.6.1.4 TORNADOES 

The S i t e  i s  located in an area infrequently subjected t o  tornadoes. (12,13) 

For the purpose of comparison, Tennessee ranked 25th among a l l  s t a t e s  in 

the  number of tornadoes from 1955 to  1967. ( I 4 )  Dividing along the 

86th Meridian, the western half  has reported observing three times as 

many tornadoes as  were observed i n  the eastern half  of the S ta te  which 

includes the  S i te .  ( I 3 )  The Oak Ridge-Clinch River area has one of the 

lowest probabi l i t ies  of tornado occurrence i n  the e n t i r e  S ta te .  (14,151 

Tornado frequencies calculated by Thom ( I 6 )  f o r  each one-degree square of 
1 

la t i tude  and longitude f o r  the period 1953 to  1962 show the S i t e  t o  be 

s i tua ted  i n  a one-degree square with an annual frequency of 0.5. Pro- 

bab i l i ty  t ha t  a tornado will  s t r i k e  any point in a par t i cu la r  one-degree 

square, such as the s i t e ,  i s  calculated as  3.65 x per year. Re- 

currence interval  i s  one over the probabil i ty,  which i s  once i n  27,400 

years.  Raw count data on tornado occurrence fo r  those counties near the 

S i t e  f o r  the  period 1916 t o  1972 are  presented in Figure 2.6-2. (12,17) 

Roane County i s  only one of several counties within the  one-degree square 

used f o r  the calculation of the  tornado probabil i ty.  Roane County i t s e l f  

has not recorded a tornado in the 57-year period of 1916 t o  1972. 

2.6.1.5 STRONG WINDS AND HURRICANES 

Thom (I8)  analyzed data f o r  a l l  f i r s t - o rde r  weather s t a t i ons  in the  U.S. 

on fastest-mile wind speed a t  30 f e e t  above ground level f o r  recurrence 



i n t e r v a l s  as i n d i c a t e d  below. Fastest  m i l e  i s  the  wind speed i n  mi les  

per  hour based on the  sho r tes t  recorded t ime i n t e r v a l  i n  which the  wind 

t rave led  a  ho r i zon ta l  d is tance o f  one m i le .  Instantaneous gusts are 

thus smoothed out .  

A p a r t i a l  record  o f  extreme wind data i s  a v a i l a b l e  f o r  the  Oak Ridge 

area. The peak gust recorded a t  t he  Oak Ridge City O f f i c e  du r ing  a  

17-year pe r iod  was about 59 mi les  per  hour. (4 )  Fas tes t  m i l e  repor ted  

f o r  t he  Knoxv i l l e  a i r p o r t  f o r  a  31-year pe r iod  was 73 mi les  per  hour. (3)  

A 33-year record a t  Chattanooga, Tennessee, shows a  f a s t e s t  m i l e  o f  

82 mi les  per  hour. (19) 

CALCULATED FASTEST MILE DATA VS. RECURRENCE INTERVAL (18) 

EASTERN TENNESSEE 

Recurrence I n t e r v a l  (years) Fastest  M i l e  (mph) 

10 6 4 

25 7  3  

5  0  7  6 

100 89 

Hurricanes are  r a r e  as f a r  i n l a n d  as the  S i t e  because hurr icanes lose  

fo rce  r a p i d l y  when c u t  o f f  from t h e i r  source o f  moisture. Consequently, 

these storms are  i n  the  pos t  hurr icane stage w i t h  diminished winds by 

the  t ime they reach the  S i t e  area. I n  the  pas t  70 years the remnants 

o f  n ine  hurr icanes, c l a s s i f i e d  as devastat ing when crossing the  coast- 

l i n e  o f  the  U. s., have crossed Tennessee. (''' Remnants o f  the  hurr icane 

o f  August 1940 caused f lood ing  i n  eastern Tennessee. (20) V i s i b l e  damage 

associated w i t h  t r o p i c a l  storms occurs about once every 25 years i n  

eastern Tennessee. (5 



2.6.1 .6 INVERSIONS AND HIGH AIR POLLUTION POTENTIAL STATISTICS 

Hosler  (21 ) and Holzworth (22)  have analyzed weather records from many 

U. S. s t a t i o n s  w i t h  t he  o b j e c t i v e  o f  c h a r a c t e r i z i n g  atmospheric d isper -  

s i o n  p o t e n t i a l .  

The seasonal f requencies o f  i nve rs ions  based below 500 f e e t  f o r  t he  

reg ion  i n c l u d i n g  the  S i t e  area, i n  percent  o f  t o t a l  hours i n  a  year ,  

a re  shown i n  Hosler  (21 ) as fo l l ows :  

Winter - 42% Summer - 45% Annual - 41% 

Spr ing - 32% Fa1 1  - 45% 

Since eastern Tennessee i s  i n  a  h i l l y  reg ion  dominated by a n t i - c y c l o n i c  

c i r c u l a t i o n s  ,(6) i n v e r s i o n  f requencies a r e  c l o s e l y  r e l a t e d  t o  t h e  d i u r n a l  

cyc le.  Storms du r i ng  t h e  sp r i ng  season produce a  l e s s e r  frequency o f  

n i g h t s  w i t h  long-dura t ion  i n v e r s i o n  cond i t i ons .  
I 

Hol zworth ' s  data (22)  prov ides an es t imate  o f  t he  average depth o f  v igorous 

v e r t i c a l  m ix ing  and prov ides an i n d i c a t i o n  o f  the  v e r t i c a l  depth o f  

atmosphere a v a i l a b l e  f o r  mix ing  and d i spe rs ion  o f  e f f l u e n t s .  For  t h e  

S i t e ,  mean maximum d a i l y  mix ing  depths range f rom about 1,475 f e e t  i n  

January t o  5,250 f e e t  i n  Ju l y .  I n  A p r i l  and October t he  mix ing  depths 

a r e  about 4,100 and 3,120 f e e t ,  r e s p e c t i v e l y .  When daytime mix ing  depths 

a re  shal low, p o l l u t i o n  p o t e n t i a l  i s  h ighes t .  

Hol zworth (23) has presented s t a t i s t i c s  f o r  t he  pe r i od  1960 t o  1964 on t h e  

frequency o f  combinations o f  meteoro log ica l  cond i t i ons  t h a t  g i v e  r i s e  t o  

poor d i spe rs ion  c h a r a c t e r i s t i c s  as i n d i c a t e d  by low m ix ing  depths, l i g h t  

winds and no p r e c i p i t a t i o n .  An a i r  p o l l u t i o n  episode i s  f o r e c a s t  t o  

occur i n  urban areas whenever t h e  m ix ing  depth i s  l e s s  than 1,500 m 

(approx imate ly  5,000 f e e t ) ,  t h e  mean wind speed through t h e  mix ing  h e i g h t  

i s  l e s s  than 4  m/sec (approximately 9  mph) , no p r e c i p i t a t i o n  i s  expected 

t o  occur and these o r  worse cond i t i ons  p e r s i s t  f o r  two days. F igure  2.6-3 



i s  a representation of the  t o t a l  number of forecast-days of high meteoro- 
logical  potential  f o r  high a i r  pollution i n  a five-year period. The 

S i t e  i s  in an area where 30 t o  35 days of high a i r  pollution potential  
meteorology occurred i n  a five-year period. These values average out 
t o  s i x  or  seven forecast  days per year of h i g h  a i r  pollution potential  
meteorology which a re  high fo r  the eastern United Sta tes  b u t  low compared 
t o  a large area of the  western United Sta tes .  

Other combinations of mixing height and wind speed without precipi ta t ion 
a r e  summarized by Hol zworth. (23) The most r e s t r i c t i v e  combination con- 
s i s t s  of a mixing height l e s s  than 1,640 f e e t  and winds l e s s  than 4.5 mph. 
No episodes sa t is fying these c r i t e r i a  occurred i n  the  area during the 
five-year period. 

For mixing heights l e s s  than 3,280 f e e t  and winds l e s s  than 9 mph, there 
were seven episodes i n  the  five-year period las t ing  two days or more. 
Holzworth's data (23) indicate  t ha t  eastern Tennessee i s  in  a region of 
unfavorable dispersion with respect  t o  the  frequency of occurrence of 
h i g h  a i r  pollution potential  meteorology. The greater  than normal expect- 

ancy of occurrence of h i g h  a i r  pollution meteorology i s  not of great  
importance t o  the S i t e  in terms of calculating s i t e  boundary doses. I t  

i s  assumed tha t :  (1)  any re lease  of radioact iv i ty  would take place a t  
ground level ; and ( 2 )  the  diffusion equation would use the mixing height 
as  a replacement parameter f o r  the ver t i ca l  dispersion parameter; there- 

f o r e ,  l imiting the extent  in the  ver t ica l  t ha t  dispersion may take place. 
Since the long-term average di lu t ion fac tor  i s  largely  determined by the  
frequency of occurrence of very s tab le  atmospheres, replacement of the 
ver t ica l  dispersion parameter from any of Pasqui l l ' s  s t ab le  s t a b i l i t y  
categories fo r  travel  distance less  than 800 meters with a mixing depth 
of 1,000 meters or  l e s s ,  i s  not required because the ver t i ca l  dispersion 
in s tab le  a i r  i s  much smaller than the mixing height. 



Analys is  o f  doses resu l  ti ng from postu la ted  re1  eases a r e  a1 so governed 

by assumptions t h a t  s t a b l e  a i r  i s  present.  I n  s tab le  a i r ,  m ix ing  he igh t  

does n o t  p lay  a r o l e  i n  the  ca l cu la t i ons .  Therefore, the  e f f e c t s  o f  

h igh  a i r  p o l l u t i o n  p o t e n t i a l  meteorology a t  the  CRBRP S i t e  i s  n o t  a 

major concern. 

2.6.2 LOCAL METEOROLOGY 

Data from the  CRBRP S i te ,  the  Oak Ridge Area S t a t i o n  X-10, t he  Oak Ridge 

City O f f i c e  and the  Knoxv i l l e  A i r p o r t  ( t h e  c l o s e s t  NOAA weather bureau 

s t a t i o n s  t o  the  S i t e )  have been used as the  pr imary source o f  l o c a l  

meteor01 og i ca l  data, '2'3'4) w i t h  a few except ions noted i n  the  f o l -  

lowing d iscussion.  C l ima to log i ca l  s t a t i s t i c s  o f  these s t a t i o n s  are  

be l ieved t o  be representa t ive  o f  t he  S i t e  area. Supplementary c l imato-  

l o g i c a l  data were obta ined from TVA on r e l a t i v e  humid i t ies  and fog  f r e -  

quenci es. (24) Atmospheric d i spe rs ion  c h a r a c t e r i s t i c s  f o r  t he  S i t e  have 

been est imated from d i f f u s i o n  data developed from summaries o f  hou r l y  

data c o l l e c t e d  a t  the  CRBRP Meteorological  Tower du r ing  the  per iod  Ju l y ,  

1973 through June, 1974 and a r e  cont inu ing  t o  be c o l l e c t e d  and analyzed 

as received. 

2.6.2.1 TEMPERATURE 

Temperature data f o r  t h e  Oak Ridge Area S t a t i o n  X-10 show t h a t  a record  

h igh  temperature o f  103 degrees F occurred i n  J u l y  1952 and i n  September 

1954; a reco rd  low temperature o f  -8 degrees F occurred i n  January 1963. (1 1 

For comparison purposes the  temperature extremes i n  the  Knoxv i l l e  v i c i n -  

i t y  were 104 degrees F on J u l y  12, 1930 f o r  t he  h ighes t  and -16 degrees F 

on January 6, 1884 f o r  t he  lowest.  (3) The annual average d a i l y  maximum 

i s  69.4 degrees F and the  minimum i s  47.6 degrees F, w i t h  an average o f  

t he  monthly mean temperature o f  58.5 degrees F. Monthly c l  imato log ica l  

temperature data f o r  Area S t a t i o n  X-10 and the annual mean temperature 

data and extremes o f  temperature f o r  the Oak Ridge C i t y  O f f i c e  and 



Knoxv i l l e  v i c i n i t y  f o r  comparison purposes a re  presented i n  Table 2.6-4. 

I t  i s  apparent by inspect ion  o f  these data t h a t  the  th ree  s i t e s  are  q u i t e  

s i m i l a r  w i t h  respect  t o  temperature except f o r  t he  extreme low o f  

-16 degrees F recorded i n  the  K n o x v i l l e  v i c i n i t y .  This  record low i s  a 

p a r t  o f  a much longer  observat ion pe r iod  spanning 100 years and inc ludes 

more oppor tun i t i es  t o  observe extremes. 

2.6.2.2 WINDS 

Wind cond i t ions  a t  t he  S i t e  a re  approximated from two se ts  o f  a v a i l a b l e  

wind data. One s e t  o f  data i s  f o r  the  Oak Ridge Area S t a t i o n  X-10 and 

covers the  s ix -year  pe r iod  f rom 1963 through 1968. (26) A second s e t  o f  

data i s  from the  meteorological  tower a t  the  CRBRP S i t e  and covers the  

one-year pe r iod  from J u l y  1, 1973 through June 30, 1974. J o i n t  frequen- 

c i e s  o f  wind d i r e c t i o n s  and wind speeds by s t a b i l i t y  c lass  from the on- 

s i t e  data are contained i n  Tables 2.6-21 t o  2.6-36. The s ix-year  record  

was t o  be compared t o  the  sho r te r  record, t o  e s t a b l i s h  the  long-term 

representat iveness; however, the longer record  has an unusual ly  h igh  

value f o r  calm wind cond i t i ons  (23.47%). I t  i s  be1 ieved t h a t  the  l a r g e  

frequency o f  occurrence o f  calms was because o f  the  wind inst rument  

s t a r t i n g  speed o f  2 o r  3 m i l es  per  hour. A f t e r  modi fy ing the anemometer 

(1970), the s t a r t i n g  speed was reduced t o  approximately one m i l e  per  

hour. On t h a t  basis  the  most recent  complete year  o f  record f o r  t : ~ e  

Oak Ridge Area S t a t i o n  X-10 was processed t o  generate a d i f f u s i o n  c l ima- 

to logy.  The r e s u l t s  o f  the most recent  one-year record  from Oak Ridge 

Area S t a t i o n  X-10 show a much lower percentage frequency o f  calm winds 
(12.1%) b u t  i t  i s  s t i l l  a  h igh  value when considerat ion i s  given to 

the f a c t  t h a t  the wind sensor i s  a t  a he igh t  o f  102 f e e t  aboveground. (25) 

The meteorological  tower a t  the CRBRP S i t e  showed the  same p a t t e r n  of 

occurrence w i t h  regard t o  the  calm winds. Tne percentage frequency of 

calm winds (12.4%) a t  an e leva t i on  o f  75 f e e t  aboveground were about the 

same as the  Oak Ridge Area S t a t i o n  X-10; however, data obta ined from 

the  on -s i t e  meteorological  tower a t  200 f e e t  aboveground show t h a t  the  



percentage frequency of calm winds i s  on l y  0.9%. Even though t h e  record  

length  i s  shor ter ,  the one-year summary o f  data from the  CRBRP Meteoro- 

l o g i c a l  Tower i s  considered more valuable because of t he  more accurate 

representat ion of the CRBRP S i te .  

A  one-year summary o f  winds f o r  t h e  CRBRP Meteorological Tower shows 

t h a t  the p r e v a i l i n g  wind a t  t h e  75- foot  l e v e l  i s  from t h e  southwest 

w i t h  an average speed o f  4.9 mi les  per  hour on an annual basis.  For 

the  same locat ion ,  bu t  a t  t he  200-foot l e v e l ,  the  p r e v a i l i n g  wind i s  

from t h e  southwest w i t h  an average speed of 6.7 m i les  per  hour on an 

annual basis. Knoxv i l l e  A i r p o r t  data show t h a t  the  p r e v a i l i n g  wind i s  

from t h e  nor theast  w i t h  a  mean hour l y  speed o f  7.4 m i les  per  hour which 

i s  n o t  cons is ten t  w i t h  the  CRBRP S i t e  data. The Oak Ridge City O f f i c e  

shows a  p r e v a i l  i n g  wind from the southwest w i t h  a  mean speed o f  4.4 mi les  

per  hour which i s  cons is ten t  w i t h  the CRBRP Meteorological Tower data. 

These data serve t o  emphasize t h e  importance o f  t e r r a i n  on channeling 

the  wind f low i n  h i l l y  areas. A  summary o f  these data i s  provided i n  

Table 2.6-5. 

2.6.2.3 HUMIDITY 

A 13-year record of r e l a t i v e  humid i ty  by months i s  a v a i l a b l e  f o r  f o u r  

selected observat ion times dur ing  the  day f o r  Knoxv i l l e  A i rpo r t .  A  four -  

year  record o f  r e l a t i v e  humidi ty  and temperature data from t h e  B u l l  Run 

Steam P lan t  were used t o  generate frequency d i s t r i b u t i o n  o f  r e l a t i v e  

humidi ty  according t o  ambient temperature. The B u l l  Run data i s  more 

representa t ive  o f  t h e  CRBRP S i t e  than t h e  Knoxv i l l e  data s ince the B u l l  

Run sensor i s  located i n  a  r i v e r  v a l l e y  s i m i l a r  t o  the S i te .  The r i v e r  

v a l l e y  w i l l  a f f e c t  wind f l o w  and provide a  mosi ture source t h a t  i s  

r e f l e c t e d  i n  the r e l a t i v e  humidi ty  data. Regardless o f  t he  locat ion ,  

the  r e l a t i v e  humidi ty  var ies  i nve rse ly  w i t h  temperature i f  the water con- 

t e n t  o f  t he  a i r  i s  constant. Re la t ive  humidi ty  i s  lowest  a t  the  t ime o f  

maximum temperature and h ighest  a t  t he  t ime o f  minimum temperature. Low 



r e l a t i ve  humidities a re  expected t o  occur i n  mid-afternoon near the time 

of maximum temperature and high r e l a t i ve  humidities a r e  expected t o  occur 

i n  ear ly  morning a t  the  time of minimum temperature. Monthly average 

r e l a t i ve  humidity data fo r  the Knoxville Airport a r e  summarized in 

Table ~ . 6 - 6 . ( ~ )  The summary of the five-year Bull Run data i s  i n  

Table 2.6-7. 

2.6.2.4 PRECIPITATION 

Average annual precipi ta t ion i s  51.52 inches a t  the  Oak Ridge Area 

Station X-10 based upon 21 years of record. Winter is the  wettest  

season when 31 percent of the  annual precipi ta t ion i s  recorded. Febru- 

ary  and March a r e  the  wet tes t  months when about 5.4 inches of precipi-  

t a t ion  i s  normal. October i s  the d r i e s t  month w i t h  a normal average of 

only 2.82 inches. Maximum monthly ra in fa l l  occurred i n  September 

(12.84 inches) and the  maximum observed i n  a 24-hour period was 7.75 inches 

which a lso  occurred i n  the month of September a t  Oak Ridge Area Sta t ion 

X-10, as shown in Table 2.6-8. (1 

Snow and ice  pe l l e t  data fo r  the  Oak Ridge City Office a r e  summarized in 

Table ~ . 6 - 9 . ( ~ )  Data l i s t e d  i n  the  t ab le  show tha t  the annual snowfall 

averages about 10 inches. Maximum snowfall i n  the  26-year period was 

41.4 inches, more than four times the annual mean. Heavy snows, when 

more than s ix  inches a re  recorded i n  24 hours, have occurred in each 

month from November through March. (4)  

2.6.2.5 FOG 

Incidence of heavy fog (114 mile or l e s s  v i s i b i l i t y )  varies great ly  

around Tennessee. ( 5 )  Typical values include 31 days a t  Knoxville, ( 3  

34 days a t  Oak Ridge City and 36 days a t  Chattanooga. (19) 

Five months of the year have an average fog frequency of three  days or  

more a t  a l l  three s t a t i ons .  A t  Oak Ridge, October has the highest fog 



inc idence w i t h  an average of e i g h t  occurrences. Monthly mean number o f  

heavy fog  days f o r  Knoxv i l l e  and Oak Ridge are shown i n  Table 2.6-10. 

Supplementary fog  data recorded a t  two s i t e s  along the Melton H i l l  Lake, 

upstream from the  CRBRP S i t e  and shown i n  Table 2.6-11, show t h a t  fogs 

which r e s t r i c t  t h e  v i s i b i l i t y  t o  1,100 yards o r  l ess  are  very common f o r  

observat ion po in t s  near t h e  r i v e r  o r  lake. (24) The data repor ted here 

are  n o t  completely comparable t o  t h a t  recorded a t  K n o x v i l l e  o r  t he  Oak 

Ridge City O f f i c e  because o f  the  d i f f e r e n c e  i n  d e f i n i t i o n s ,  b u t  i t  does 

serve t o  p o i n t  o u t  t h a t  fogs are  very common i n  the region, i n c l u d i n g  

the  S i te .  Fogs which r e s t r i c t  t he  v i s i b i l i t y  t o  1,100 yards o r  l ess  

were observed, on the  average, 90.52 days per  year  a t  the B u l l  Run Creek 

s i t e  (about 15 mi les  nor theas t  o f  the  CRBRP S i t e )  and 119.47 days per  

year  a t  t he  Me1 ton  Hi1 1 Dam S i t e  (about 4.5 mi les  eas t  o f  the CRBRP 

S i t e )  f o r  the pe r iod  January 1964 t o  October 1970. 

Fog which r e s t r i c t e d  v i s i b i l i t y  t o  l e s s  than 550 yards was recorded a t  

the Me1 ton  Hi1 1 Dam S i t e  on an average o f  106.01 days per  year.  (24 

This value i s  about th ree  times t h a t  recorded a t  Oak Ridge. 
1 

2.6.2.6 WIND AND STABILITY DATA 

Source o f  the  in fo rmat ion  f o r  developing a d i f f u s i o n  c l imato logy  t o  

represent  the  S i t e  i s  a one-year record  o f  wind and temperature d i f f e r -  

ence measurement made on a 200-foot tower a t  the cRBRP S i te .  The year  

o f  record  covers the  pe r iod  J u l y  1973 through June 1974. Data recovery 

f o r  the  pe r iod  i s  88.3 percent  f o r  t he  75- foot  l e v e l  and 87.1 percent  

f o r  the  200-foot l e v e l .  For t h e  purpose o f  comparison, a one-year 

record  o f  wind data from the  Oak Ridge Area S t a t i o n  X-10 i s  presented 

i n  Tables 2.6-12 through 2.6-19. The X-10 data has a recovery r a t e  o f  

99.6 percent.  



The method of sor t ing the  observations in to  the Pasquill s tabi  1 i t y  

c lasses  i s  based on the  temperature gradient  scheme of AEC Regulatory 

Guide 1.23 which i s  predicated on temperature difference measurements 

made between sensors separated by a t  l e a s t  100 f e e t  of ver t i ca l  height 

and w i t h  the  lowest sensor about 10 meters (33 f e e t )  aboveground. A t  

the  CRBRP i n s t a l l a t i on  the  lowest temperature difference sensor .is 
located a t  a height of 75 f e e t  aboveground. To insure t ha t  the location 

of the  temperature sensor a t  a height of 75 f e e t  aboveground does not 

a f f ec t  the determination of atmospheric s t a b i l i t y ,  another temperature 

sensor was ins ta l l ed  on April 3, 1974 a t  a height of 33 f e e t  aboveground. 

Jo in t  frequency d i s t r ibu t ions  of wind speed and direct ion by s t a b i l i t y  

c lasses  were made f o r  the  temperature difference between 200 f e e t  and 

75 f e e t  and fo r  the  temperature difference between 200 f e e t  and 33 f e e t  

f o r  the same corresponding time in te rva l s .  The data r e su l t s  i n  

Table 2.6-20 show tha t  f o r  the  s tab le  conditions (Pasquill S t ab i l i t y  

Classes G ,  F and E )  the  frequency of occurrence i s  approximately equal. 

1 \. / 

The var ia t ions  i n  frequency occur i n  the  neutral (Pasquill S t ab i l i t y  

Class D )  and the unstable (Pasquill S t ab i l i t y  Classes A ,  B and C) con- 

d i t ions .  By locating the  temperature sensor c loser  t o  the ground, the 

a f f ec t  i s  t o  reduce the  frequency of unstable conditions and enhance the 

neutral conditions. Since an examination of x/Q values shows t ha t  f o r  

the  downwind distance of the  minimum exclusion distance and f o r  a 

common wind speed, one hour of s t a b i l i t y  type G is worth: 2.4 hours of 

s t a b i l i t y  type F ,  7.0 hours of s t a b i l i t y  type E ,  24 hours of s t a b i l i t y  

type D ,  80 hours of s t a b i l i t y  type C .  I t  i s  apparent t h a t  type G 

ca r r ies  maximum weight i n  dose calcula t ions .  Annual wind records a r e  
summarized i n  Tables 2.6-21 through 2.6-28 f o r  the  75-foot level above- 

ground and i n  Tables 2.6-29 through 2.6-36 fo r  the 200-foot level above- 

ground. These tab1 es present the  j o in t  percentage frequency d i s t r ibu t ion  

of wind speed and direct ion f o r  the seven Pasquill s t a b i l i t y  categories,  

A through G ,  and f o r  a l l  observations. Annual and seasonal wind roses 

a r e  shown fo r  the 75-foot level in Figures 2.6-4 through 2.6-8 and fo r  

the 200-foot level in Figures 2.6-9 through 2.6-13. 

- - 



Annual, winter, spring, summer and fa1 1 wind roses fo r  the 75-foot level 

clearly show the tendency f o r  the channeling of the wind to align with 

the northeast t o  southwest orientation of the valleys and the influence 

of the r iver  curling around the southern boundary of the Si te .  Most f re-  

quent wind directions for  these wind roses are southwest as the predominate 

direction and east  as the second most predominate direction. The winter 

season wind roses, fo r  both levels,  show the influence of winter storms 

and passage of cold frontal  systems upon the wind flow by shif t ing the 

predominate wind direction to  the northwest sector. The summer and f a l l  

wind roses re f lec t  wind conditions w i t h  high frequency of occurrence 

for  l ight  or  calm winds which are consistent with a persistent high 

pressure system situated over or to  the north of the Si te .  Pressure 

patterns pub1 ished in the Climatic Atlas of the United support 

th i s  conclusion. 

Highest wind direction frequency observed f o r  the 75-foot level i s  from 

the south-southwest. Winds are  from the southwest plus o r  minus one 

22.5 degree sector 30.79 percent of the time and from the east-northeast, 

plus and minus one 22.5 degree sector 21.73 percent of the time on an 

annual basis. The percentage of south-southwest to  west-southwest winds 

increases s l ight ly  during the spring months. During the f a l l  season 

the percentage of winds from the east-northeast plus and minus one 

22.5 degree sector,  increases to  27.07 percent while the percentage of 

winds from the southwest plus and minus one 22.5 degree sector decreases 

to  25.44 percent. 

Modal wind speed group i s  4 to 6 mph for  a l l  seasons of the year and fo r  

a l l  wind directions as can be seen in Figures 2.6-4 through 2.6-8. 

Calms vary on a seasonal basis from a low of 9.06 percent during the 

winter season to  a high of 13.92 percent during the summer season for  

the 75-foot wind level. The annual percent occurrence of calm i s  

1 2.40 percent . 



D i s t r i b u t i o n  of the  seven Pasqu i l l  s t a b i l i t y  categor ies on a monthly 

basis  are summarized i n  Table 2.6-37 f o r  t he  75- foot  wind l e v e l  and i n  

Table 2.6-38 f o r  the 200-foot wind l e v e l .  Adverse d ispers ion  categor ies 

are  s t a b i l i t y  classes F and G, as these two classes c o n t r i b u t e  about 

85 percent o f  the  weight i n  the  c a l c u l a t i o n  o f  atmospheric d i l u t i o n  

fac to rs .  A t  t he  75-foot wind l eve l ,  Type G s t a b i l i t y  i s  a minimum 

du r ing  the  months o f  Ju ly ,  August and September, averaging about f i v e  

percent.  Type G i s  a maximum i n  t h e  month o f  A p r i l ,  w i t h  a frequency 

o f  occurrence o f  about 29 percent, however, t he  data recovery r a t e  was 

n o t  acceptable, l ead ing  t o  t h e  poss ib i  1  i t y  t h a t  t he  h igh  frequency of 

occurrence o f  Type G S t a b i l i t y  may n o t  be representa t ive  o f  the  long 

term record f o r  the  month o f  Apr i  1. 

Type F s t a b i l i t y  i s  maximum i n  the months o f  August and September, 

occu r r i ng  about 25 percent  o f  a l l  hours i n  each month which i s  con t ra ry  

t o  t h e  p a t t e r n  f o r  type G which was a r e l a t i v e  minimum a t  t h i s  t ime o f  
/ J  

I year. A t  the  o the r  end o f  t h e  atmospheric s t a b i l i t y  spectrum type A 

s t a b i l i t y  occurs most f requen t l y  i n  t h e  months o f  Ju ly ,  August and 

September w i t h  monthly frequencies gera ter  than 26 percent. January 

and February show the fewest occurrences f o r  type A s t a b i l i t y .  

On an annual basis,  P a s q u i l l ' s  type D (neu t ra l  s t a b i l i t y )  c lass  i s  most 

common. Type D s t a b i l i t y  i s  a maximum i n  the  month o f  January when i t  

occurs w i t h  a frequency o f  about 53 percent. Small f requencies o f  

occurrence o f  s t a b i l i t y  types B and C are l a r g e l y  a product  o f  t h e  

c l a s s i f i c a t i o n  scheme used t o  de f i ne  the range o f  temperature d i f f e r -  

e n t i a l  values t h a t  de f i ne  these classes. The " t a r g e t "  i s  on l y  0.2 degrees 

C per  100 meters wide f o r  types B and C and most observat ions f a l l  out-  

s i de  o f  t h i s  range. 

2.6.3 POTENTIAL INFLUENCE OF THE PLANT AND ITS FACILITIES ON LOCAL 
METEOROLOGY 

Some in f l uence  on l o c a l  meteorology w i l l  be exer ted by the  p l a n t  i t s e l f .  



Because the plant area will be cleared of t rees ,  leveled, bladed, graded 
and black topped, i t  will change the albedo (ref lect ive power) of the 
earth i n  t h i s  area and produce a small local heat island which would be 
discernable w i t h  a proper s e t  of measuring and sensing systems. The 
ef fec t  on temperature would be similar t o  tha t  found by Norwine, (28) 
which was two degrees F f o r  a shopping center. 

The shape of the buildings erected on the plant s i t e  will create aero- 
dynamically disturbed a i r  flow which in turn will a l t e r  the distribution 
pattern and diffusion rates of windborne contaminants on the leeward 
s ide of the buildings. This e f fec t  i s  discussed i n  Section 2.6.6.1.1. 

I t  i s  planned to  dissipate waste heat carried by recirculated cooling 
water i n  cooling towers. Evaporation of water into the atmosphere will 
form a vis ible  vapor plume i f  the atmosphere i s  e i ther  very humid, or  
very cold and moderately humid. The vapor plume will a1 t e r ,  to  a small 
degree, the amount of sunshine received i n  the small areas most frequently 
i n  the shadow formed by the plume. On rare occasions small cumulus 
clouds could form above or  remote from the tower, depending on atmos- 
pheric temperature and water vapor conditions in the f i r s t  few thousand 
f e e t  above the cooling tower. The plume may diffuse to  ground level 
and form fog and i n  freezing temperatures cause rime ice on vertical  
structures and road systems. These environmental impacts are discussed 
i n  Section 5.1. 

2.6.4 TOPOGRAPHICAL DESCRIPTION 

The S i t e  is on a peninsula approximately between r iver  miles 15 and 18 
on the Clinch River. This region i s  characterized by a ser ies  of parallel 
ridges extending in a northeast-southwest direction. The S i t e  1 ies  
along a roll ing flank of one of these ridges which slopes gradually 
toward the Clinch River. Normal reservoir pool elevation i s  741 feet .  
Mean elevation of the S i t e  i s  862 feet .  



Figures 2.6-14 and 2.6-15 are  topographic maps showing the  area surround- 

i n g  the  S i t e .  Topographic p r o f i l e  cross sect ions i n  each o f  the  e i g h t  

card ina l  compass d i r e c t i o n s  r a d i a t i n g  from the S i t e  a re  shown i n  F igure 

2.6-1 6. A topographi ca l  p r o f i  1  e  cross sec t i on  i n d i c a t i n g  the meteoro- 

l o g i c a l  tower loca t ion ,  sensor heights and center  o f  containment bu i  1  d ing 

w i t h  respect  t o  the cu r ren t  topography i s  g iven i n  F igure 2.6-17. 

Te r ra in  t o  t h e  south o f  t h e  S i t e ,  approximately 3,700 f e e t  beyond Watts 

Bar Lake, r i s e s  ab rup t l y  t o  a  he igh t  o f  about 240 f e e t  above p l a n t  grade 

which i s  815 fee t .  This obs tac le  t o  a i r  f l ow  w i l l  i n f l uence  the d i s -  

pers ion  r a t e  a t  t h i s  distance. The expected e f f e c t  i s  discussed below. 

H i l l s  o r  r idges  o f  s i m i l a r  he igh t  are found w i t h i n  two m i les  o f  the  

S i t e  i n  p r a c t i c a l  l y  every d i r e c t i o n  except towards t h e  northwest.  

The h ighes t  p o i n t  w i t h i n  a  rad ius  o f  f i v e  mi les  o f  t he  S i t e  i s  Melton 

H i l l ,  e l e v a t i o n  1,356 fee t ,  about 4.75 m i les  f o  the east-nor theast  o f  

t he  p lan t .  Lowest po in t s  w i t h i n  a  rad ius  o f  f i v e  mi les  o f  t he  S i t e  a re  

along the  margins o f  Watts Bar Lake, t he  sur face o f  which averages 

738 f e e t  MSL. 

I t  i s  a n t i c i p a t e d  t h a t  t h e  i r r e g u l a r  t e r r a i n  w i l l  have a  s i g n i f i c a n t  

e f f e c t  on d ispers ion  ra tes  i n  spec ia l  meteoro logical  s i t u a t i o n s .  I n  

s tab le  a i r  w i t h  l i g h t  winds, pockets o f  s tagnat ion  may develop a t  the  

base o f  sharp ly  r i s i n g  h i l l s  o r  b l u f f s  which could cause shor t - term 

increases i n  a i r  concentrat ion l e v e l s .  These concentrat ion l e v e l s  can 

on ly  s u b j e c t i v e l y  be est imated t o  amount t o  perhaps a  f a c t o r  o f  f o u r  

over normal i f  the  s tagnat ion  l a s t s  18 hours o r  more. The f a c t o r  o f  

f o u r  increase i s  based on the  behavior o f  the  county-wide a i r  

index i n  P i t tsburgh,  Pennsylvania, between good d ispers ion  cond i t ions  

and s tagnat ion  d ispers ion  cond i t ions .  I n  s tagnat ion periods, t he  index 

increases from 25 t o  about 100. (P i t t sbu rgh  provides a  convenient r e f e r -  

ence index because i t  i s  loca ted  i n  a  s i m i l a r  topographical s e t t i n g ,  

w i t h  steep h i 1  1s and r i v e r  va l leys .  ) These conclusions may n o t  apply t o  

a  s i n g l e  i s o l a t e d  source as wind d i r e c t i o n  v a r i a b i l i t y  would tend t o  

spread e f f l u e n t s  over  a1 1  sectors.  



Slopes which face t h e  southeast through southwest d i r e c t i o n s  present a 

sur face which i s  more near l y  normal t o  t h e  incidence o f  s o l a r  rad ia t i on .  

This e f f e c t  w i l l  enhance and improve d ispers ion  ra tes  f o r  any a i r  con- 

taminants approaching the  slope due t o  the product ion o f  thermal ly  

induced v e r t i c a l  a i r  motions. No c r e d i t  f o r  t h i s  e f f e c t  i s  considered 

i n  the  ca l cu la t i ons  o f  atmospheric d i l u t i o n  factors.  

Mod i f i ca t ions  of the  a i r  mass due t o  t r a v e l  over water i s  n o t  considered 

t o  be s i g n i f i c a n t  as the  over-water f e t c h  i s  l i m i t e d  and the  temperature 

cont ras t  between a i r  and water does n o t  reach t h e  extreme values requ i red  

f o r  r a p i d  a i r  mass modi f i ca t ion .  

It i s  d i f f i c u l t  t o  general ize on the o v e r a l l  e f f e c t  o f  t e r r a i n  on the  

long-term average d i l u t i o n  f a c t o r .  Normally, i r r e g u l a r  t e r r a i n  w i l l  

promote mechanical turbulence and enhance the  d ispers ion  o f  e f f l u e n t s .  

But, average wind speeds i n  the area are low and dur ing  the  f a l l  season 

periods o f  s tagnat ion are f a i r l y  common. I t  i s  be l ieved t h a t  the  n e t  

e f f e c t  o f  the  i r r e g u l a r  t e r r a i n  could be demonstrated t o  improve d i s -  

pers ion ra tes  near t h e  S i t e  as observed i n  the  Mountain I r o n  D i f f u s i o n  

~ r i a l s . ( ~ ' )  I n  these t r i a l s  o f  d i f f u s i o n  over rugged t e r r a i n ,  v a l l e y  

l o c a t i o n  sampling po in ts  were lower i n  concentrat ion than r i d g e  1 ines 

by about 50 percent. (29 ) 

2.6.5 ON-SITE METEOROLOGICAL MONITORING PROGRAM 

An on-s i te  measuring program was i n i t i a t e d  on A p r i l  11, 1973. A hygro- 

thermograph was added i n  May 1973, and a d i r e c t  de l ta -T  system was i n -  

s t a l l e d  on the tower i n  A p r i l  1974. The s i t e  f o r  t h e  meteorological 

i n s t a l l a t i o n  i s  considered temporary as i t  may have t o  be re located a f t e r  

one o r  two years o f  data are c o l l e c t e d  t o  accommodate f i n a l  p l a n t  1 ayout, 

const ruc t ion  a c t i v i t i e s ,  e tc .  Moni tor ing program d e t a i l s  can be found 

i n  Sections 6.1.3 and 6.2.4. 



Wind ins t rumenta t ion  on the  tower cons is ts  o f  Cl imet  Instruments, Inc., 

Model 011-1 f o r  wind speed and Model 012-11 f o r  wind d i r e c t i o n .  S t a r t i n g  

speed f o r  t he  wind speed sensor i s  0.6 m i l es  pe r  hour. Operat ing range 

i s  0-90 m i les  per  hour. Accuracy i s  w i t h i n  one percent of t r u e  value o r  

0.15 mi les  per  hour, whichever i s  greater .  The d i r e c t i o n  sensor operates 

through a range o f  0-540 degrees w i t h  an accuracy o f  - + 3 degrees. Damping 

r a t i o  i s  0.4. 

Ambient temperature sensors on the tower a re  Aerodet (ARI Indus t r i es ,  

Inc.  ) , Model R-22.3-3E100, p la t inum res is tance thermometers mounted i n  

motor asp i ra ted  r a d i a t i o n  temperature sh ie lds ,  Cl imet Instruments, Inc., 

Model 016-1. C a l i b r a t i o n  range i s  0-100 degrees F w i t h  ou tpu t  from 

-20 degrees F t o  120 degrees F. The accuracy i s  + 0.6 degrees F which 

inc ludes a maximum r a d i a t i o n  e r r o r  o f  0.2 degrees F. 

The d i r e c t  de l ta -T  system measures the temperature d i f f e r e n c e  between 

75 and 200 fee t .  The measuring b r i dge  cons is ts  o f  two dual opposing 

p la t inum res is tance thermometers, Aerodet (ARI Indus t r i es ,  Inc .  ) Model 

R-22.3-3E100, mounted i n  i n d i v i d u a l  motor-aspirated temperature shie lds,  

Cl imet Model 016-1. The de l  ta-T range i s  -40 t o  +40 degrees F. I n  the 

range o f  g rea tes t  i n t e r e s t ,  -5.0 t o  +5.0 degrees F, t he  f i e l d - t e s t e d  

normal accuracy i s  5 0.13 degrees F, and the  probable maximum e r r o r  i s  

+ 0.24 degrees F. - 

The hygrothermograph ( 4  f e e t  aboveground, i n  a Stevenson Screen) i s  a 

B e l f o r t  Instrument Co. Model 5-594, ambient temperature c h a r t  range 

-30 t o  +I10 degrees F and r e l a t i v e  humid i ty  range 0 t o  100%. The maximum 

poss ib le  r e l a t i v e  humid i ty  e r r o r  i s  - + 4%. The reading accuracy o f  temp- 

e ra tu re  i s  t o  the nearest  whole degree. The data i s  recorded on analog 

s t r i p - c h a r t s  and must be reduced manually. 



Output of t h e  wind sensors i s  d i v ided  and sent  through Westinghouse 

s igna l  cond i t i on ing  devices before record ing  on Westinghouse Pul se-0-Mati c 

magnetic tape recorders and on 0 - 1 ma E s t e r l i n e  Angus two-channel re -  

corders which prov ide analog backup. Output from the  temperature sensors 

i s  handled s i m i l a r l y  except t h a t  the analog backup i s  on a two-channel 

Texas Instruments mul t i range recorder  s e t  a t  0-10 MV. A l l  c h a r t  speeds 

are two inches per  hour. Outputs from t h e  sensors are s to red on 

Westinghouse Pulse-0-Matic casset te tape recorders. The s i t e  i s  inspected 

weekly by an e l e c t r i c a l  engineer o r  an inst rument  techn ic ian  t o  ensure 

t h a t  a l l  instruments are i n  good working order.  It was planned t o  check 

the  . c a l i b r a t i o n  accuracy o f  t he  var ious instruments and Pul se-0-Matic 

system every s i x  months. Beginning i n  e a r l y  1974, the e l e c t r o n i c  c a l i -  

b r a t i o n  frequency was increased t o  about once a month. The sensors are 

changed ou t  about once every s i x  months. I npu t  i s  i n teg ra ted  cont inuously  

f o r  15-minute i n t e r v a l s ,  then averaged. The 15-minute data are  f u r t h e r  

averaged t o  prov ide average h o u r l y  values f o r  t he  several var iab les .  

These values are  p r i n t e d  ou t  ch rono log i ca l l y  by hours f o r  each month and ) 
the  data  screened f o r  accuracy. 

Pasqu i l l  s t a b i l i t y  categor ies are determined according t o  preestabl ished 

ranges o f  the  temperature d i f f e r e n c e  as suggested by AEC Regulatory 

Guide 1.23. Data processing o f  wind speed d i r e c t i o n  by the seven Pasqu i l l  

s t a b i l i t y  categor ies are ca l cu la ted  on a seasonal and annual basis .  

2.6.6 SHORT-TERM (ACCIDENT) DIFFUSION ESTIMATES 

A s t a t i s t i c a l  ana lys is  of r e l a t i v e  d i l u t i o n  f a c t o r s  (x /Q)  ca l cu la ted  

from hour l y  data f o r  the  CRBRP Meteorological  S ta t i on  d i f f u s i o n  c l ima- 

to logy  was performed t o  def ine the  95 percent  and 50 percent  x/Q values. 

The 95 percent  value represents a l e v e l  o f  d i l u t i o n  i n  the  atmosphere 

which i s  very poor and occurs on l y  about f i v e  percent of the  t ime. 

D i l u t i o n  w i l l  be b e t t e r  than t h a t  s p e c i f i e d  by the  95 percent value 

95 percent  o f  t he  t ime. D i l u t i o n  w i l l  be poorer ( l e s s  d i l u t i o n )  f i v e  



percent of the time. Thus, the approach i s  conservative in nature. 

The 50 percent value i s  the median value of dilution for  the summarized 

data and hence, a more r e a l i s t i c  estimate. Fifty percent values are 

used t o  assess the consequences of postulated plant releases evaluated 

in the Environmental Report. The 95 percent value was found to occur 

in Pasquill s t a b i l i t y  G ,  wind speed 0.6 mph (0.28 m/s), while the 

50 percent value occurred in Pasquill s t a b i l i t y  class D,  wind speed 

about 2.5 rnph (1.1 m/s). These values are l i s t ed  as a function of 

distance in Table 2.6-39. 

Estimates of atmospheric di l  ution factors (x/Q) representative of post- 

release time periods u p  t o  30 days are presented in Table 2.6-40 for  

downwind distances as f a r  as 20 miles from the reactor plant including 

the minimum exclusion distance (2,200 fee t ) .  

2.6.6.1 CALCULATIONS 

Atmospheric di 1 uti on factors ( x / Q )  appl i cab1 e t o  discrete time intervals 

up t o  30 days following postulated releases were estimated for  downwind 

distances from the minimum exclusion distance to  20 miles from the 

reactor plant. The time intervals selected for  th i s  analysis were the 

same four periods specified in AEC Regulatory Guide No. 1.4; 0 t o  8 hours, 

8 to  24 hours, 1 to  4 days and 4 t o  30 days. Data obtained from the 

meteorological tower a t  the CRBRP S i te  were uti l ized to  define clima- 

tologi cal parameters representing conservative (pessimistic) dispersion 

conditions based on measured persistence data consisting of wind 

direction and atmospheric stabi 1 i ty. 

Persistence of s tabi l  i t y  and wind direction frequency for  the period 

July 1973 through June 1974 were selected for  th i s  purpose since that  

particular period of record provided the l a t e s t  available data with the 

highest percentage of data recovery (88.3%) for  the 75-foot wind level. 

The specific data used to  develop these estimates of short-term diffusion 
I 

- - i 



fo r  the  S i t e  a r e  presented i n  Table 2.6-41. Wind speed used i n  these 

analyses was the  median wind speed f o r  each s t a b i l i t y  c l a s s  a t  the 

75-foot level f o r  the period of July 1 ,  1973 through June 30, 1974. 

Calculation of atmospheric d i lu t ion  fac tors  was performed using the 

Gaussian diffusion equation fo r  ground level concentration from a 

continuously emitting source released a t  ground level:.  (30) 

where, 

x = Activity concentration, Curieslm 3 

Q = Activity re lease  r a t e ,  Curieslsec 

i = Mean wind speed, meterslsec 

y = Crosswind dis tance,  meters 

a = Crosswind dispersion parameter, meters 
Y 

a = Vertical dispersion parameter, meters. 
Z 

The dispersion parameters o and a, were evaluated i n  accordance with the  

Pasquill-Gifford curves (30)Yexcept f o r  s t a b i l i t y  c l a s s  G which was 

obtained from AEC Licensing S t a f f ,  S i t e  Analysis Branch, Directorate of 

Licensing. (31 

Atmospheric dispersion models and assumptions employed fo r  each of the  

post-release time in te rva l s  a r e  described i n  more de t a i l  below. 

2.6.6.1.1 TIME INTERVAL: 0 TO 8 HOURS 

A review of the  on-si te,  one-year climatological record revealed t ha t  

extremely s tab le  diffusion conditions have not persisted fo r  time in te r -  

vals exceeding e ight  hours. A maximum persistence of four hours i s  

shown i n  Table 2.6-42. Therefore, atmospheric dispersion d u r i n q  the 



f i r s t  f o u r  hours f o l l o w i n g  pos tu la ted  re leases was assumed t o  proceed 

under extremely s t a b l e  (Pasqui 11 Type G) d i f f us ion  cond i t ions  and dur ing  

the  second f o u r  hours i t  was assumed t o  proceed under very  s t a b l e  

(Pasqu i l l  Type F) d i f f u s i o n  cond i t ions .  It was f u r t h e r  assumed t h a t  

t he  wind was steady (constant  d i r e c t i o n )  over the  e n t i r e  per iod.  

Atmospheric d i l u t i o n  f a c t o r s  f o r  t h i s  t ime i n t e r v a l  consis ted o f  center-  

l i n e  concentrat ions from a  ground l e v e l  re lease based on the  Gaussian 

d i f f u s i o n  equat ion: 

E f f e c t  o f  t u r b u l e n t  wake on the  d i s t r i b u t i o n  o f  a i rborne a c t i v i t y  i n  

t he  v i c i n i t y  o f  the  reac to r  b u i l d i n g  was taken i n t o  account by making 

the  f o l l o w i n g  co r rec t i ons  t o  the  d ispers ion  parameters: 

s u b s t i t u t i n g  f o r  a and E, from equat ion (3 ) ,  
Y  

i s  a  reduc t ion  f a c t o r  due t o  the  e f f e c t  o f  t u r b u l e n t  wake i n  the  v i c i n i t y  

o f  the reac to r  b u i l d i n g .  



C = 0.5 and A is the minimum cross-sectional area of the reactor building 

in accordance with AEC Regulatory Guide 1.4. The area of the reactor 

containment (2,415 square meters) was used for this purpose. A maximum 
reduction factor of three, in accordance with AEC Regulatory Guide 1.4, 
was used to correct the x/Q value although the wake correction model 
did yield higher values at close-in distances. 

Actual reduction factors applied to the x/Q values estimated for the 

turbulent effect of the building for the 95 percent, 50 percent and the 

0 to 8 hour interval are listed in Table 2.6-42. 

2.6.6.1.2 TIME INTERVAL: 8 TO 24 HOURS 

Stability conditions determining atmospheric dispersion during this time 

interval were also derived from the stability persistence data shown in 

Table 2.6-41. In this instance, the portion of the maximum persistence 

for the Extremely Stable diffusion class (4 hours) and for the very stable 
diffusion class (4 hours) has been accounted for in the prior 0 to 
8 hours time interval. For this time interval (16 hours) it was assumed 

that diffusion conditions shifted to the slightly stable Type E category, 

the next most stable class in the Pasquill-Gifford stability classifi- 

cation scheme for seven (7) of the sixteen (16) hours. It was further 

assumed that diffusion conditions shifted to the neutral type D category 
for the remaining nine (9) hours of this time interval. 

It was further postulated that the wind remained in a single 22.5 degree 

sector but meandered uniformly over this sector. The time-averaged 

atmospheric dilution factor for a wind that meanders uniformly within 

a single 22.5 degree sector for a mixture of stability and wind speed 

conditions was calculated from the equation: 



where, 

x = Activity concentration, Curieslm 3 

Q = Activity release ra te ,  Curieslsec 

F(o ,s , j )  = The frequency during the period of in te res t  that  the 

wind i s  from the direction o ,  for  the s t ab i l i t y  

condition s and wind speed class j 

u = The vertical  dispersion parameter evaluated a t  the 
ZS 

distance x for  the s t a b i l i t y  condition s ,  meters 
- 
u = The representative wind speed for  c lass  j, meterslsec 
j 

x = Distance downwind, meters. 

2.6.6.1.3 TIME INTERVAL: 1 TO 4 DAYS 

A suff ic ient  time lapse occurs during th i s  interval that  a recurrence of 
\ 

,/ the prolonged s t ab i l i t y  conditions which were assumed to have taken 
place in the two ea r l i e r  time periods i s  considered to  be feasible.  I t  

was, therefore, postulated that  diffusion conditions in the 1 to  4 day 

interval following a postulated release would comprise Extremely Stable 

(Pasqui 11 6)  , Very Stable (Pasqui 11 F )  , Moderately Stable (Pasqui 11 E )  

and Neutral (Pasquill D )  conditions with the same relat ive distribution 

as the maximum hourly persistence data of the CRBRP July 1973 through 

June 1974 historical record. As shown in Table 2.6-41, the sum of the 

hours of maximum persistence for these four s t ab i l i t y  categories i s  

26 hours. 

Accordingly, i t  was assumed that  the frequency of the Extremely Stable 

condition (which lasted a maximum of four hours) during th i s  time inter- 

val would be 15.4 percent (4126). Corresponding frequencies used for  

the Very Stable, Moderately Stable and Neutral conditions were 15.4 per- 

cent, 26.9 percent and 42.3 percent, respectively. 



On t h e  bas is  t h a t  t h e  maximum h o u r l y  pers is tence o f  wind f rom any d i r e c -  

t i o n  was 11 hours and t h a t  t h e  maximum frequency on a monthly bas is  was 

approx imate ly  13.6 percent  (4.1 days equ iva len t ) ,  a  wind d i r e c t i o n  f r e -  

quency o f  50 percent  (1.5 days equ i va len t )  was assumed f o r  t h i s  t ime 

i n t e r v a l .  

The c a l c u l a t i o n  o f  atmospheric d i l u t i o n  f a c t o r s  was accomplished w i t h  

t he  same bas i c  expression used f o r  ob ta in ing  the  time-averaged f a c t o r  

i n  the  8 t o  24 hour t ime i n t e r v a l .  

2.6.6.1.4 TIME INTERVAL: 4 TO 30 DAYS 

The d i s t r i b u t i o n  o f  atmospheric s t a b i l i t y  and wind d i r e c t i o n  f requencies 

f o r  t h i s  extended t ime i n t e r v a l  was de r i ved  from monthly frequency data. 

As shown i n  Table 2.6-41, the  maximum frequency o f  wind i n  a s i n g l e  

sec tor  over t he  pe r i od  was approximately 13.6 percent.  D i s t r i b u t i o n  o f  

atmospheric s t a b i l i t y  cond i t i ons  used f o r  t h i s  t ime p e r i o d  was based on 

the  CRBRP record  o f  J u l y  1973 through June 1974, 75- foo t  wind l e v e l .  

The time-averaged expression f o r  ground l e v e l  concent ra t ion  was a l s o  

used t o  o b t a i n  est imated values o f  atmospheric d i l u t i o n  fac to rs .  

A summary o f  t h e  assumptions used i n  es t ima t i ng  x/Q values f o r  each o f  

t he  f o u r  t ime i n t e r v a l s  i s  presented i n  Table 2.6-43. 

2.6.7 LONG-TERM (ROUTINE) DIFFUSION ESTIMATES 

Estimates o f  atmospheric d i  1  u t i o n  f a c t o r s  (x /Q) f o r  downwind d is tances 

up t o  50 m i l e s  i n  16 compass d i r e c t i o n s  a r e  prov ided i n  Tables 2.6-44, 

through 2.6-48 f o r  the 75- foot  wind l e v e l  and i n  Tables 2.6-49 through 

2.6-53 f o r  t h e  200-foot wind l e v e l  f o r  long-term re leases (seasonal and 

annual ) .  For t he  75- foo t  l e v e l ,  t he  south sec tor  experienced the  lowest  

ground l e v e l  concent ra t ion  f o r  t h e  sp r i ng  and summer seasons, w i t h  t he  

southeast sec tor  lowest  i n  t he  f a l l  and the  nor th-nor thwest  sec tor  lowest  



in winter. Sectors w i t h  the highest concentrations a r e  northeast in the 
spring, summer and winter, and west in the  f a l l .  Summer season i s  the  
season ,of poorest diffusion charac te r i s t i cs .  On an annual basis using 

the  75-foot l eve l ,  the highest x /Q value pccurs in the northeast sector .  

2.6.7.1 CALCULATIONS 

Annual and seasonal x/Q values were calculated from the equation: 

where, 

x = Activity concentration, Curieslm 3 

Q = Activity re lease  r a t e ,  Curieslsec 

F (o , s , j )  = The frequency during the  period of i n t e r e s t  t ha t  the 
wind i s  from the di rect ion 0 ,  f o r  the  s t a b i l i t y  
condition s and wind speed c l a s s  j 

a = The ver t i ca l  dispersion parameter evaluated a t  the z S 
distance x fo r  the s t a b i l i t y  condition s ,  meters 

- 
u = The representative wind speed fo r  c lass  j ,  meterslsec 
j 
x = Distance downwind, meters. 

The equation was summed over a l l  wind speed and s t a b i l i t y  c lasses  with 
a taking appropriate values according t o  the Pasquill-Gifford Class i f i -  z 
cation scheme except fo r  Type G diffusion values fo r  aZ ,  which were 

obtained from AEC Licensing S t a f f ,  S i t e  Analysis Branch, Directorate of 
~ i c e n s i n ~ . ' ~ ' )  Meteorological data used t o  calcula te  these x/Q estimates 

were obtained from seasonal s t a t i s t i c a l  summaries prepared by WESD from 

the hourly data fo r  the CRBRP meteorological system fo r  the  period July 

1973 through June 1974. Data recovery fo r  t h i s  period of record was 

88.3 percent u t i l i z i ng  the 75-foot level winds and 87.1 percent u t i l i z i ng  
the 200-foot level winds. 



TABLE 2.6-1 

MAXIMUM RECORDED POINT  RAINFALL(^) 
KNOXVILLE, TENNESSEE AIRPORT 

(1899-1961 ) 

R a i n f a l l  i n  I nd i ca ted  Periods ( inches)  

M i  nu tes  Hours 

5 - 10 - 15 30 - 60 - 2 - - 3 - 6 12 - 2 4 - 

0.58 0.99 1.37 2.57 3.52 3.57 3.97 4.88 5.60 6.20 

Maximum monthly: 11.74 

Maximum annual: 61.49 



TABLE 2.6-2 

CALCULATED MAXIMUM RAINFALL OVER VARIOUS TIME PERIODS'~) 

FOR A RECURRENCE INTERVAL OF 100 YEARS 

AT THE CRBRP SITE AREA 

Time Per iod  
(hours) 

R a i n f a l l  
( inches)  

2.50 

3.00 

3.75 

4.00 

4.80 

5.80 

6.50 



TABLE 2.6-3 

MONTHLY DISTRIBUTION OF SEVERE WEATHER - OAK RIDGE CITY OFFICE* 

Jan. Feb. Mar. Apr. May June J u l y  Aug. Sept. Oct. Nov. Dec. --- 
Snow, I c e  P e l l e t s +  
1.0 i nch  o r  more 1 1 ** 0 0 0 0 0 0 0 0 1 

I 
0 
A *Mean number o f  days 

**Less than one-hal f  day 



TABLE 2.6-4 

MONTHLY CLIMATOLOGICAL TEMPERATURE DATA 

OAK RIDGE AREA STATION, ~ - 1 0 ( ' )  

C l  imato l  oq i ca l  Standard Normals - 
1931 -1 960 

Mean D a i l y  D a i l y  Highest Lowest 
Temp. 
0 

Monthly Maximum Minimum Temp. 
(OF) (OF) (OF) (OF) Month 

December 
January 
February 

Winter 

March 
Apr i  1 
May 

Spring 

1 
June 

- - 
J u l y  
August 

Summer 

September 
October 
November 

Fa1 1 

Annual 

Oak Ridge City 
Cl imato log ica l  Standard Normals 1941-1970 

57.8 68.6 47.0 105* Ann ua 1 

Knoxvi 1 l e  V i c i n i t y  (3 )  
C l  imato l  ogi  ca l  Standard Normals 1941 -1 970 

Annual 

*May 1947 - October 1974 

**I874 - October 1974 



TABLE 2.6-5 

MONTHLY WIND DATA 

Month 

January 

February 

March 

A p r i  1 

May 
June 

J u l y  

August 

September 

October 

November 

December 

Annual 

Oak Ridge C i t y  O f f i c e *  

Average 
Speed P r e v a i l i n g  
(mph) D i r e c t i o n  

4.8 SW 

5.0 ENE 

5.3 SW 

5.7 SW 

4.5 SW 

4.2 SW 

3.9 SW 

3.7 E 

3.8 E 

3.6 E 

4.1 E 

4.5 SW 

Knoxvi 11 e A i  r p o r t * *  

Average 
Speed P r e v a i l i n g  
(mph) D i r e c t i o n  

8.2 NE 

8.7 NE 

9.2 NE 

9.3 WSW 

7.4 SW 

6.7 SW 

6.3 WSW 

5.7 NE 

5.9 N E 

5.9 PIE 

7.2 HE 

7.6 NE 

Area S t a t i o n  X-lo*** 
Average 

Speed P r e v a i l i n g  
(mph) D i r e c t i o n  

5.3 ssw 
6.0 SSW 

6.8 WSW 

7.0 SSW 

6.2 N E 

6.2 WSW 

4.2 SSW 

1.5 SSW 

2.9 NNE 

2.9 NNE 

3.2 N 

4.3 NNE 

4.7 SSW 

CRBRP Meteoro log ica l  ~ o w e r '  

75 Foo t  Level  200 Foot  Leve l  

Average Average 
Speed Preva i  1 i n g  Speed P r e v a i l  i n g  
(mph) D i r e c t i o n  (mph) D i r e c t i o n  

SW 

WNW 

SW 

SW 

SW 

SW 

SW 

SW 

E 

SW 

SW 

WNbl 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

ENE 

SW 

SW 

ENE 

*16-year r e c o r d  on wind speed, 13-year r e c o r d  on p r e v a i l i n g  d i r e c t i o n  (4) 

**31-year r e c o r d  on wind speed, 14-year r e c o r d  on p r e v a i l i n g  d i r e c t i o n  ( 3 )  

***l-year record (25)  (102 f e e t ,  sensor e l e v a t i o n )  



TABLE 2.6-6 

Month 

January 

February 

March 

Ap r i  1 

May 

: 1 June 

J u l y  

August 

September 

October 

November 

December 

Year 

MONTHLY AVERAGE RELATIVE HUMIDITY VALUES (3 )  

FOR KNOXVILLE AIRPORT 

1961 -1 973 

Re la t i ve  Humidi ty a t  I nd i ca ted  Time (E.S.T.) 

01 00 - 0700 1300 1900 Average 

7 6 7 9 63 6 4 7 1 

7 1 77 60 5 9 6 7 

6 9 78 5 4 54 64 

70 7 8 51 52 6 3 

77 83 5 4 56 68 

84 88 5 9 6 2 73 

86 90 6 2 6 6 76 

8 7 9 2 61 6 6 77 

86 91 5 8 6 6 7 5 

8 3 88 5 5 6 2 7 2 

78 83 59 65 71 

7 6 80 6 4 6 7 72 



TABLE 2.6-7 

FREQUENCY DISTRIBUTION OF RELATIVE HUMIDIT IES ACCORDING TO AMBIENT TEMPERATURES FOR 

BULL RUN STEAM PLANT 

Temp. , 
" F 5 15 2 5 3 5 4 5 5 5 65 7 5 8 5 93 9 7 - - - - - - - - - - - -  



TABLE 2.6-8 

PRECIPITATION DATA 

OAK RIDGE AREA STATION, ~ - 1 0 ( ' )  

Monthly Month 1 y Monthly Maxi mum 
Average* Maxi mum Minimum i n  24 Hours 

( i  nches) ( i  nches ) ( i  nches) (i nches) Month 

December 
January 
February 

Winter 

\ March 
i Apr i  1 

May 

Spr ing 

June 
J u l y  
August 

S umme r 

September 
October 
November 

Annual 

"Standard c l ima to log i ca l  normals (1931-1960) 



TABLE 2.6-9 

SNOW AND ICE PELLET DATA FOR OAK RIDGE CITY  OFFICE'^) 
1948 - OCTOBER 1974 

Month 

January 

February 

March 

Apr i  1 

May 
June 

J u l y  

August 

September 

October 

November 

December 

Snow, I c e  P e l l e t s  ( inches) 

Mean* Maxi mum Maximum I n  
Tota l  Monthly 24 Hours 

Year 10.3 21 .O 12.0 

Maximum Annual 41.4 inches (1  959-1 960 snowfal l  season) 

*1949-1973 

T = Trace 



TABLE 2.6-10 

Fog Days (mean number) 

Jan. Feb. Mar. Apr.  May Jun. Jul .  Aug. Sept. Oct. Nov. Dec. Annual --- 
Knoxville 3 2 1 1 2 2 2 3 4 5 3 2 31 

Oak Ridge 1 1 1 1 2 2 3 4 4 8 6 2 3 4 

*Vis ibi l i ty  l e s s  than 114-mile 

**31 -year record (1 943-1 973) ( 3  

+14-year record (1 951 - 1964) (4)  



TABLE 2.6-1 1 

Month 

January 

February 

March 

Apr i  1 

May 
June 

J u l y  

August 

September 

October 

November 

December 

FOG OCCURRENCE DATA LISTING MEAN NUMBER OF DAYS 

FOR JANUARY 1964 THROUGH OCTOBER 1970 (24 1 
V i s i b i l i t y  Less Than Stated Value 

Melton H i l l  Lake a t  
B u l l  Run Creek, 
C l inch  R iver  M i l e  46.4 

<I100 yards <550 yards 

Melton H i l l  Lake a t  Dam, 
C l inch  R iver  M i l e  23.1 

<I100 yards <550 yards 

Annual 90.52 54.42 119.47 106.01 



TABLE 2.6-12 

JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND WIND SPEED 
FOR DIFFERENT STABILITY CLASSES 

STABILITY CLASS A 
DELTA T 5-1.9 DEG. C/100M 

X-10 (OAK RIDGE) METEOROLOGICAL FACILITY 

DEC. 1, 1971 - NOV 30, 1972 

Wind 
WIND SPEED (MPH) 

D i  r e c t i  on 0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 18.5-24.4 >24.5 

N 0.24 0.41 0.35 0.09 0.01 
NNE 0.48 1.26 1.12 0.40 0.03 
N E 0.16 0.55 0.66 0.18 0.03 
ENE 0.15 0.75 0.69 0.19 0.01 
E 0.09 0.22 0.10 0.01 0.00 

N ESE 0.06 0.16 0.08 0.01 0.00 
m 
I 

S E 0.10 0.11 0.05 0.01 0.00 
P 
0 

SSE 0.10 0.35 0.15 0.11 0.01 
S 0.09 0.29 0.41 0.24 0.01 
SSW 0.22 1.05 1.20 0.61 0.09 
SW 0.16 0.51 0.46 0.23 0.07 
WSW 0.32 0.94 1.09 0.41 0.06 
W 0.23 0.24 0.19 0.13 0.01 
WNW 0.14 0.29 0.10 0.02 0.00 
NW 0.05 0.07 0.03 0.01 0.00 
NNW 0.05 0.06 0.08 0.01 0.00 

SUBTOTAL 2.64 7.26 6.76 2.66 0.33 

CALM = 0.23 

LOST RECORD = 0.0 

MET. FACILITY AT X-10 LOCATED 4.5 M I .  NE OF CRBRP SITE. ELEV. 886 FT MSL. 
TEMPERATURE INSTRUMENTS AT 5 AND 102 FT ABOVE GROUND. 
WIND INSTRUMENTS AT 102 FT ABOVE GROUND. 

NOTE - TOTAL OF ALL COLUMNS AND CALM I S  100 PERCENT OF TOTAL GOOD RECORD. 

To ta l  

1.10 
3.29 
1.58 
1.79 
0.42 
0.31 
0.27 
0.72 
1.04 
3.18 
1.43 
2.83 
0.80 



TABLE 2.6-1 3 

JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND WIND SPEED 
FOR DIFFERENT STABILITY CLASSES 

STABILI.TY CLASS B 
-1.9< Delta-T 5-1.7 DEG. C/100M 

X-10 (OAK RIDGE) METEOROLOGICAL FACILITY 

DEC. 1, 1971 - NOV. 30, 1972 

WIND SPEED (MPH) 
Wind 

D i r e c t i o n  0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 18.5-24.4 >24.5 

N 0.01 0.06 0.02 0.01 0.00 0.00 
NN E 0.07 0.11 0.06 0.03 0.01 0.00 
N E 0.05 0.07 0.05 0.05 0.00 0.00 
ENE 0.05 0.06 0.03 0.00 0.00 0.00 

r0 
E 0.01 0.05 0.00 0.00 0.00 0.00 

QI 
ESE 0.00 0.01 0.00 0.00 0.00 0.00 

I SE 0.00 0 .O1 0.00 0.00 0.00 0.00 
5 SSE 0.01 0.03 0.01 0.05 0.00 0.00 

S 0.00 0.02 0.03 0.00 0.02 0.00 
SSW 0.03 0.05 0.10 0.05 0.03 0.01 
S W 0.00 0.02 0.09 0.02 0.00 0.00 
WSW 0.02 0.13 0.11 0.06 0.01 0.00 
W 0.02 0.02 0.06 0.02 0.00 0.00 
WNW 0.01 0.02 0.03 0.01 0.00 0.00 
NW 0.01 0.00 0.00 0.00 0.00 0.00 
NNW 0.00 0.02 0.01 0.00 0.00 0.00 

SUBTOTAL 0.29 0.68 0.60 0.30 0.07 0.01 

CALM = 0.05 

LOST RECORD = 0.0 

MET. FACILITY AT X-10 LOCATED 4.5 M I .  NE OF CRBRP SITE. ELEV. 886 FT MSL. 
TEMPERATURE INSTRUMENTS AT 5 and 102 FT ABOVE GROUND. 
WIND INSTRUMENTS AT 102 FT ABOVE GROUND. 

NOTE - TOTAL OF ALL COLUMNS AND CALM I S  100 PERCENT OF TOTAL GOOD RECORD. 

Total 
0.10 
0.28 
0.22 
0.14 
0.06 
0.01 
0.01 
0.10 
0.07 
0.27 
0.13 
0.33 
0.12 
0.07 
0.01 
0.03 

1.95 



TABLE 2.6-14 

JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND WIND SPEED 
FOR DIFFERENT STABILITY CLASSES 

STABILITY CLASS C 
-1.7< DELTA-T 1-1.5 DEG. C/100M 

X-10 (OAK RIDGE) METEOROLOGICAL FACILITY 

DEC. 1, 1971 - NOV. 30, 1972 

WIND SPEED (MPH) 

Wind 
D i r e c t i o n  0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 18.5-24.4 

N 0.07 0.10 0.05 0.01 0.00 
NNE 0.06 0.40 0.18 0.06 0.00 
NE 0.07 0.19 0.07 0.00 0.00 
ENE 0.06 0.14 0.08 0.03 0.00 

IU E 0.00 0.06 0.01 0.00 0.00 
m 
I ESE 0.03 0.03 0.02 0.00 0.00 
P 
IU 

S E 0.01 0.03 0.00 0.00 0.00 
SSE 0.02 0.07 0.05 0.03 0.01 
S 0.03 0.09 0.05 0.09 0.01 
SSW 0.07 0.30 0.17 0.1 1 0.01 
SW 0.06 0.17 0.11 0.00 0.00 
WSW 0.08 0.19 0.15 0.03 0.00 
W 0.06 0.07 0.05 0.05 0.00 
WNW 0.06 0.08 0.08 0.01 0.00 
NW 0.01 0.08 0.01 0.00 0.00 
NNW 0.01 0.02 0.02 0.00 0.00 

SUBTOTAL 0.70 2.02 1.10 0.42 0.03 

CALM = 0.05 

LOST RECORD = 0.0 

MET. FACILITY AT X-10 LOCATED 4.5 M I .  NE OF CRBRP SITE. ELEV. 886 FT MSL. 
TEMPERATURE INSTRUMENTS AT 5 AND 102 FT ABOVE GROUND. 
WIND INSTRUMENTS AT 102 FT ABOVE GROUND. 

NOTE - TOTAL OF ALL COLUMNS AND CALM I S  100 PERCENT OF TOTAL GOOD RECORD. 

To ta l  

0.23 
0.70 
0.33 
0.31 
0.07 
0.08 
0.04 
0.18 
0.27 
0.66 
0.34 
0.45 
0.23 
0.23 
0.10 
0.05 

4.27 



TABLE 2.6-15 

JOINT PERCENTAGE FREQUENCIES OF W I N D  DIRECTION AND WIND SPEED 
FOR DIFFERENT STABILITY CLASSES 

STABILITY CLASS D 
-1 .5 < DELTA-TI -0.5 DEG. C/100M 

X-10 (OAK RIDGE) METEOROLOGICAL FACILITY 

DEC. 1, 1971 - NOV. 30, 1972 

Wind WIND SPEED (MPH) 

D i r e c t i o n  0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 18.5-24.4 124 .5  

N 0.16 0.29 0.18 0.03 0.00 0.00 
NNE 0.33 0.49 0.33 0.08 0.00 0.01 
NE 0.21 0.27 0.07 0.05 0.02 0.00 
ENE 0.23 0.35 0.17 0.00 0.00 0.00 

IV E 0.07 0.14 0.03 0.00 0.00 0.00 
or ESE 0.16 0.13 0.03 0.00 0.00 0.00 
I 
P S E 0.08 0.06 0.02 0.00 0.01 
W 

0.00 
SSE 0.07 0.11 0.06 0.05 0.00 0.00 
S 0.13 0.32 0.11 0.03 0.00 0.00 
SSW 0.37 0.73 0.47 0.24 0.06 0.00 
SW 0.24 0.37 0.21 0.06 0.03 0.00 
WSW 0.26 0.61 0.45 0.13 0.03 0.0 0 
W 0.18 0.19 0.16 0.05 0.00 0.00 
WNW 0.17 0.17 0.14 0.03 0.01 0.00 
NW 0.13 0.05 0.01 0.00 0.01 0.00 
NNW 0.06 0.02 0.05 0.00 0.00 0.00 

SUBTOTAL 2.85 4.30 2.49 0.75 0.17 0.01 

CALM = 0.17 

LOST RECORDS = 0.0 

MET. FACILITY AT X-10 LOCATED 4.5 M I .  NE OF CRBRP SITE. ELEV. 886 FT MSL. 
TEMPERATURE INSTRUMENTS AT 5 AND 102 FT ABOVE GROUND. 
WIND INSTRUMENTS AT 102 FT ABOVE GROUND. 

NOTE - TOTAL OF ALL COLUMNS AND CALM I S  100 PERCENT OF TOTAL GOOD RECORD. 

To ta l  

0.66 
1.24 
0.62 
0.75 
0.24 
0.32 
0.17 
0.29 
0.59 
1.87 
0.91 
1.48 
0.58 
0.52 
0.20 
0.13 

10.57 



TABLE 2.6-16 

JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND WIND SPEED 
FOR DIFFERENT STABILITY CLASSES 

STABILITY CLASS E 
-0.5< DELTA -T L 1.5 DEG. C/100M 

X-10 (OAK RIDGE) METEOROLOGICAL FACILITY 

DEC. 1, 1971 - NOV. 30, 1972 

WIND SPEED (MPH) 

Wind 
D i r e c t i o n  0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 18.5-24.4 2 24.5 

N 0.89 0.79 0.43 0.11 0.00 0.00 
NNE 0.95 1.55 0.59 0.10 0.01 0.00 
NE 0.39 0.54 0.25 0.02 0.01 0.00 
ENE 0.54 0.61 0.16 0.01 0.00 0.01 

N E 0.27 0.09 0.03 0.00 0.00 0.00 
cn 
I ESE 0.29 0.10 0.05 0.01 0.00 0.00 
P 
P S E 0.15 0.15 0.07 0.00 0.00 0.00 

SSE 0.46 0.26 0.13 0.03 0.01 0.00 
S 0.41 0.41 0.18 0.05 0.03 0.00 
SS W 0.66 1.05 0.79 0.29 0.07 0.01 
SW 0.72 0.69 0.33 0.11 0.03 0.00 
WSW 0.65 0.86 0.75 0.16 0.03 0.00 
W 0.66 0.53 0.39 0.18 0.02 0.00 
WNW 0.58 0.72 0.37 0.19 0.01 0.00 
NW 0.34 0.23 0.09 0.00 0.01 0.00 
NNW 0.24 0.17 0.18 0.01 0.00 0.00 

SUBTOTAL 8.20 8.75 4.79 1.27 0.23 0.02 

CALM = 4.22 

LOST RECORD = 0.0 

MET. FACILITY AT X-10 LOCATED 4.5 M I .  NE OF CRBRP SITE. ELEV. 886 FT MSL. 
TEMPERATURE INSTRUMENTS AT 5 and 102 FT ABOVE GROUND. 
WIND INSTRUMENTS AT 102 FT ABOVE GROUND. 

NOTE - TOTAL OF ALL COLUMNS AND CALM I S  100 PERCENT OF TOTAL GOOD RECORD. 

To ta l  

2.22 



TABLE 2.6-17 

JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND WIND SPEED 
FOR DIFFERENT STABILITY CLASSES 

STABILITY CLASS F 
1 . 5 ~  DELTA-T 2 4 . 0  DEG. C/100M 

X-10 (OAK RIDGE) METEOROLOGICAL FACILITY 

DEC. 1, 1971 - NOV. 30, 1972 

WIND SPEED (MPH) 

Wind 
D i  r e c t i o n  0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 18.5-24.4 2 24.5 

N 0.62 0.48 0.15 0.05 0.02 0.00 
NNE 0.78 0.81 0.27 0.07 0.01 0.00 
N E 0.42 0.55 0.25 0.02 0.00 0.00 
ENE 0.57 0.41 0.03 0.00 0.00 0.00 

N E 0.24 0.08 0.02 0.00 0.00 0.00 
m 
I 

ESE 0.22 0.06 0.01 0.00 0.00 0.00 
P 
cn 

S E 0.13 0.07 0.01 0.00 0.00 0.01 
SSE 0.49 0.19 0.05 0.00 0.01 0.00 
S 0.33 0.25 0.07 0.08 0.03 0.00 
SSW 0.56 0.59 0.42 0.30 0.15 0.03 
SW 0.43 0.37 0.15 0.06 0.01 0.00 
WSW 0.70 0.45 0.37 0.09 0.05 0.00 
W 0.64 0.29 0.07 0.02 0.02 0.00 
WNW 0.57 0.38 0.11 0.01 0.02 0.01 
NW 0.14 0.07 0.03 0.00 0.01 0.00 
NNW 0.21 0.13 0.00 0.00 0.00 0.00 

SUBTOTAL 7.05 5.18 2.01 0.70 0.33 0.05 

CALM = 4.85 

LOST RECORD = 0.0 

MET. FACILITY AT X-10 LOCATED 4.5 M I .  NE OF CRBRP SITE. ELEV. 886 FT MSL. 
TEMPERATURE INSTRUMENTS AT 5 AND 102 FT ABOVE GROUND. 
WIND INSTRUMENTS AT 102 FT ABOVE GROUND. 

NOTE - TOTAL OF ALL COLUMNS AND CALM I S  100 PERCENT OF TOTAL GOOD RECORD. 

To ta l  

1.32 
1.94 
1.24 
1.01 
0.34 
0.29 
0.22 
0.74 
0.76 
2.05 
1.02 
1.66 
1.04 
1.10 
0.25 
0.34 

15.32 



TABLE 2.6-18 

JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND WIND SPEED 
FOR DIFFERENT STABILITY CLASSES 

STABILITY CLASS G 

DELTA T > 4.0 DEG. C/100M 

X-10 (OAK RIDGE) METEOROLOGICAL FACILITY 

DEC. 1, 1971 - NOV.  30, 1972 
Wind 

D i  r e c t i  on 0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 18.5-24.4 >24.5 

N 0.46 0.35 0.13 0.02 0.00 0.00 
NNE 0.63 0.94 0.21 0.01 0.00 0.00 
N E 0.33 0.26 0.15 0.00 0.00 0.00 
ENE 0.64 0.51 0.03 0.00 0.00 0.00 
E 0.21 0.14 0.01 0.00 0.00 0.00 

N ESE 0.19 0.03 0.00 0.00 0.00 0.00 
or SE 0.06 0.01 0.02 0.00 0.01 0.00 
I 
P SSE 0.46 0.25 0.02 0.00 0.00 0.00 
rn S 0.26 0.1 1 0.01 0.02 0.07 0.00 

SSW 0.72 0.80 0.13 0.03 0.08 0.07 
SW 0.37 0.50 0.07 0.00 0.02 0.00 
WSW 0.87 0.70 0.13 0.00 0.00 0.01 
W 0.31 0.19 0.01 0.00 ,O.OO 0.00 
WNW 0.38 0.18 0.01 0.00 0.00 0.00 
NW 0.14 0.02 0.03 0.01 0.00 0.00 
NNW 0.13 0.16 0.03 0.02 0.00 0.00 

SUBTOTAL 6.16 5.15 0.99 0.11 0.18 0.08 

CALM = 2.54 

LOST RECORD = 0.0 

MET. FACILITY AT X-10 LOCATED 4.5 M I .  NE OF CRBRP SITE. ELEV. 886 FT MSL. 
TEMPERATURE INSTRUMENTS AT 5 AND 102 FT ABOVE GROUND. 
WIND INSTRUMENTS AT 102 FT ABOVE GROUND. 

NOTE - TOTAL OF ALL COLUMNS AND CALM I S  100 PERCENT OF TOTAL GOOD RECORD. 

Total 
0.96 
1.79 
0.74 
1.18 
0.36 
0.22 
0.10 



TABLE 2.6-19 

PERCENT OCCURRENCE OF WIND SPEED 
FOR ALL WIND DIRECTIONS 

X-10 (OAK RIDGE) METEOROLOGICAL FACILITY 

DEC. 1, 1971 - NOV. 30, 1972 

Wind 
D i  r e c t i  on 0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 18.5-24.4 

N 2.45 2.48 1.31 0.33 0.03 
NNE 3.29 5.57 2.77 0.75 0.07 
N E 1.62 2.44 1.50 0.32 0.07 
ENE 2.23 2.84 1.20 0.24 0.01 
E 0.89 0.77 0.22 0.01 0.0 
ESE 0.95 0.53 0.19 0.02 0.0 

IV S E 0.53 0.45 0.17 0.01 0.02 
m 
I SSE 1.61 1.28 0.46 0.27 0.05 
P 
w S 1.26 1.50 0.87 0.51 0.18 

SSW 2.63 4.57 3.28 1.62 0.49 
SW 1.98 2.63 1.42 0.48 0.17 
WSW 2.90 3.86 3.04 0.88 0.18 
W 2.10 1.53 0.93 0.45 0.06 
W NW 1.91 1.84 0.85 0.29 0.05 
NW 0.81 0.51 0.22 0.02 0.03 
NNW 0.69 0.58 0.38 0.05 0.0 

SUBTOTAL 27.85 33.38 18.81 6.25 1.41 

CALM = 12.10 

LOST RECORD = 0.42 

MET. FACILITY AT X-10 LOCATED 4.5 M I .  NE OF CRBRP SITE. ELEV. 886 FT MSL. 
WIND INSTRUMENTS AT 102 FT ABOVE GROUND. 

NOTE - TOTAL OF ALL COLUMNS AND CALM I S  100 PERCENT OF TOTAL GOOD RECORD. 

Tota l  

6.60 
12.46 
5.95 
6.53 
1.89 
1.69 
1.19 
3.67 
4.32 

-12.73 
6.68 

10.88 
5.07 
4.95 
1.59 
1.70 

87.90 



TABLE 2.6-20 

PERCENTAGE FREQUENCY OF STABILITY DISTRIBUTION FOR TWO TEMPERATURE 

DIFFERENTIALS FOR THE CRBRP METEOROLOGICAL TOWER 

( A p r i l  3, 1974 through June 30, 1974) 

Pasqui 11 
Stabi  1 i t y  

Class 

Temperature D i f f e rence  Between Temperature D i f f e rence  Between 
200 Foot Level and 75 Foot 200 Foot Level and 33 Foot 

Level Level 

75-F00t 200-Foot 75-Foot 200-Foot 
Wind Level Wind Level Wind Level Wind Level 



TABLE 2 . 6 - 2 1  

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL J O I N T  FREQUENCY OF WIND D I R E C T I O N  AND WIND SPEED FOR 

S T A B I L I T Y  CLASS A 

CRBRP METEOROLOGICAL TOWER, 75-FOOT LEVEL 

JULY 1 , 1 9 7 3  THROUGH JUNE 30, 1 9 7 4  

WIND SPEED, KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 - ----- 
0.00002 0.00013 0.00052 0.00013 0.00000 0.00000 

0.00015 0.00103 0.00116 0.00039 0.00000 0.00000 

0.0001 5 0.00078 0.00259 0.0001 3 0.00026 0 .OOOOO 

0.00054 0.00220 0.00530 0.00323 0.00181 0 .OOOOO 

0.00015 0.00323 0.00504 0.00272 0.00052 0.00000 

0.00028 0.00207 0.00323 0.00207 0.00026 0.00000 

0.00015 0.00091 0.00310 0.00052 0.00039 0.00000 

0.00015 0.00155 0.00207 0.00052 0.00000 0.00000 

0.00028 0.00129 0.00259 0.00116 0.00026 0.00013 

0.00041 0.00285 0.00621 0.00388 0.00220 0.001 94 

0.00067 0.00414 0.00608 0.00582 0.00440 0.00168 

0.00028 0.00491 0.00504 0.00168 0.00078 0.00039 

0.00041 0.00297 0.00168 0.00091 0.00065 0.00000 

0.00002 0.00142 0.00155 0.00142 0.00155 0.00078 

0.00002 0.00052 0.00013 0.00103 0.00103 0.00065 

0.00002 0.00026 0.00026 0.00000 0.00026 0.00000 

0.00375 0.03026 0.04656 0.02561 0.01436 0.00556 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00039 

Tota l  

0.00080 

0.00274 

0.00390 

0.01 308 

0.01166 

0.00791 

0.00506 

0.00429 

0.00571 

0.01748 

0.02330 

0.01334 

0.00687 

0.00675 

0.00338 

0.00080 

0.12714 

- - 

*1 knot  = 0.515 m/sec; 1 knot  = 1.16 mph 



TABLE 2.6-22 

N 

NNE 

NE 

ENE 

E 

ESE 

S E  

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL J O I N T  FREQUENCY OF WIND D IRECT ION AND WIND SPEED FOR 

S T A B I L I T Y  CLASS B 

CRBRP METEOROLOGICAL TOWER, 75-FOOT LEVEL 

JULY 1 , 1 9 7 3  THROUGH JUNE 30, 1 9 7 4  

0.0-1.3 

0.0001 4 

0.00001 

0.00014 

0.00027 

0.00027 

0.00014 

0.00014 

0.00053 

0.00001 

0.00027 

0.00027 

0.0001 4 

0.00001 

0.00001 

0.00014 

0.00001 

0.00246 

THE TOTAL 

WINO SPEED, KNOTS* 

1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 ----- 
0.00065 0.00013 0.00000 0.00000 0.00000 

0.00013 0.00026 0.00065 0.00013 0.00000 

0.00052 0.00103 0.00103 0.00013 0.00000 

0.00078 0.00168 0.00052 0.00013 0.00000 

0.00103 0.00194 0.00103 0.00026 0.00000 

0.00065 0.00233 0.00026 0.00000 0.00000 

0.00026 0.00155 0.00039 0.00026 0.00000 

0.00065 0.00091 0.00000 0.00000 0.00000 

0.00026 0.00116 0.00039 0.00013 0.00013 

0.00039 0.00181 0.00078 0.00310 0.00116 

0.00181 0.00285 0.00233 0.00491 0.00091 

0.00181 0.00168 0.00155 0.00065 0.00039 

0.00039 0.00078 0.00181 0.00103 0.00039 

0.00103 0.00103 0.00065 0.00233 0.00013 

0.00026 0.00052 0.00026 0.00091 0.00026 

0.00000 0.00078 0.00039 0.00013 0.00000 

0.01061 0.02043 0.01203 0.01410 0.00336 

PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00013 

Total 

0.00092 

0.00117 

0.00266 

0.00337 

0.00454 

0.00337 

0.00260 

0.00208 

0.00208 

0.00751 

0.01307 

0.00635 

0.00441 

0.00518 

0.00234 

0.00130 

0.06311 

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph 



TABLE 2 . 6 - 2 3  

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL J O I N T  FREQUENCY OF WIND D I R E C T I O N  AND WIND SPEED FOR 

S T A B I L I T Y  CLASS C 

CRBRP METEOROLOGICAL TOWER, 75-FOOT LEVEL 

JULY 1 , 1 9 7 3  THROUGH JUNE 30, 1 9 7 4  

WIND SPEED, KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 - ----- 
0.00017 0.00000 0.00039 0.00013 0.00013 0.00013 

0.00017 0.00039 0.00039 0.00013 0.00026 0.00000 

0.00017 0.00026 0.00065 0.00000 0.00000 0.00000 

0.00004 0.00052 0.001 29 0.00052 0.00000 0.00000 

0.00017 0.00142 0.00118 0.00039 0.00000 0.00000 

0.00030 0.00052 0.00013 0.00000 0.00000 0.00000 

0.00082 0.00052 0.00026 0.00013 0.00000 0.00000 

0.00030 0.00052 0.00039 0.00000 0.00000 0.00000 

0.00017 0.00052 0.00026 0.00026 0.00000 0.00026 

0.00004 0.00129 0.00091 0.00052 0.00091 0.00013 

0.00017 0.00116 0.00181 0.00181 0.00259 0.00155 

0.00017 0.00181 0.00116 0.00091 0.00091 0.00039 

0.00004 0.00078 0.00052 0.00039 0.00052 0.0001 3 

0.00004 0.00116 0.00103 0.00091 0.00155 0.00078 

0.00004 0.00078 0.00052 0.00039 0.00091 0.00026 

0.00004 0.00000 0.00065 0.0001 3 0.00026 0.00000 

0.00285 0.01164 0.01151 0.00660 0.00802 0.00362 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS:  0.00065 

To ta l  

0.00095 

0.00133 

0.00107 

0.00237 

0.00314 

0.00095 

0.00172 

0.00120 

0.00146 

0.00392 

0.00909 

0.00534 

0.00237 

0.00547 

0.00289 

0.00107 

0.04436 

*1 kno t  = 0.515 m/sec; 1 knot  = 1.16 mph 



TABLE 2 . 6 - 2 4  

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

wsw 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL J O I N T  FREQUENCY OF WIND D IRECT ION AND WIND SPEED FOR 

S T A B I L I T Y  CLASS D 

CRBRP METEOROLOGICAL TOWER, 75-FOOT LEVEL 

JULY  1, 1 9 7 3  THROUGH JUNE 30, 1 9 7 4  

WINO SPEED, KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 

0.00113 0.00297 0.00103 0.00129 0.00065 0.00000 

0.00371 0.00608 0.00233 0.00091 0.00013 0.00000 

0.00281 0.00685 0.00440 0.00052 0 .OOOOO 0.00000 

0.00371 0.00750 0.00647 0.00103 0.00000 0.00000 

0.00333 0.01125 0.00621 0.00194 0.00013 0.00000 

0.00449 0.00556 0.00375 0.00091 0.00013 0.00000 

0.00423 0.00310 0.00155 0.00065 0.00052 0.00000 

0.00203 0.00129 0.00116 0.00013 0.00026 0.00000 

0.00255 0.00285 0.00207 0.00129 0.00116 0.00078 

0.00229 0.00530 0.00556 0.00362 0.00479 0.00246 

0.00203 0.00854 0.00776 0.00970 0.00957 0.00517 

0.001 51 0.00479 0.00466 0.00569 0.00427 0.00272 

0.00126 0.00349 0.00427 0.00129 0.00336 0.00065 

0.00177 0.00349 0.00582 0.00944 0.01436 0.00116 

0.00216 0.00388 0.00297 0.00388 0.00685 0.00026 

0.00190 0.00427 0.00285 0.00103 0.00078 0.00000 

0.04087 0.08122 0.06286 0.04333 0.04695 0.01319 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00763 

Tota l  

0.00708 

0.01315 

0.01458 

0.01872 

0.02285 

0.01484 

0.01005 

0.00488 

0.01070 

0.02402 

0.04303 

0.02428 

0.01432 

0.03605 

0.02001 

0.01083 

0.28932 

*1 knot  = 0.515 m/sec; 1 knot  = 1.16 mph 



TABLE  2.6-26 

N 

NNE 

NE 

ENE 

E 

ESE 

S E 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL J O I N T  FREQUENCY OF WIND D IRECT ION AND WIND SPEED FOR 

S T A B I L I T Y  CLASS F 

CRBRP METEOROLOGICAL TOWER, 75-FOOT LEVEL  

JULY 1, 1 9 7 3  THROUGH JUNE 30, 1974 

WINO SPEED, KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 - ----- 
0.00564 0.00078 0.00000 0 .OOOOO 0.00000 0.00000 

0.00745 0.00297 0.00026 0.00000 0 .OOOOO 0.00000 

0.00628 0.001 68 0.0001 3 0.00000 0 .OOOOO 0.00000 

0.00861 0.00246 0.00013 0.00013 0.00000 0.00000 

0.00771 0.00272 0.00091 0.00000 0.00000 0.00000 

0.00887 0.00155 0.00000 0.00000 0.00000 0.00000 

0.00783 0.00065 0 .OOOOO 0.00000 0 .OOOOO 0.00000 

0.00693 0.00065 0.00000 0.00000 0.00000 0.00000 

0.01081 0.00129 0.00039 0.00000 0 .OOOOO 0 .OOOOO 

0.00758 0.00246 0.00013 0.00026 0.00000 0.00000 

0.00628 0.00362 0.00103 0.00052 0.00013 0.00000 

0.00577 0.00091 0.00078 0.00000 0.00000 0.00000 

0.00408 0.00039 0.00013 0.00000 0.00000 0.00000 

0.00564 0.00091 0.00000 0.00013 0.00013 0 .OOOOO 

0.00408 0.00026 0.00013 0.00000 0.00000 0.00000 

0.00460 0.001 29 0.00026 0.0001 3 0 .OOOOO 0.00000 

0.10812 0.02457 0.00427 0.00116 0.00026 0.00000 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.04669 

Tota l  

0.00641 

0.01068 

0.00809 

0.01133 

0.01133 

0.01042 

0.00848 

0.00758 

0.01249 

0.01042 

0.01159 

0.00745 

0.00460 

0.00680 

0.00447 

0.00628 

0.13839 

*1 knot  = 0.515 m/sec; 1 knot  = 1.16 mph 



TABLE 2.6-27 

H 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR 

STABILITY CLASS G 

CRBRP METEOROLOGICAL TOWER, 75-FOOT LEVEL 

JULY 1 , 1 9 7 3  THROUGH JUNE 30, 1 9 7 4  

WIND SPEED. KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 ------ 
0.00547 0.001 16 0.00000 0 .OOOOO 0.00000 0 .OOOOO 

0.00418 0.00194 0.00000 0.00000 0.00000 0.00000 

0.00392 0.00052 0.00013 0.00000 0.00000 0.00000 

0.00444 0.00155 0.00013 0.00000 0.00000 0.00000 

0.00664 0.00155 0.00000 0.00000 0.00000 0.00000 

0.00729 0.00052 0.00013 0.00000 0.00000 0.00000 

0.00625 0.00065 0.00013 0.00000 0.00000 0 .OOOOO 

0.00651 0.00026 0.00000 0.00000 0.00000 0.00000 

0.00793 0.001 03 0.00000 0.00000 0.00000 0 .OOOOO 

0.00741 0.00285 0.00000 0.00013 0.00000 , 0.00000 

0.00522 0.00207 0.00052 0.00000 0.00000 0.00013 

0.00522 0.00129 0.00013 0.00000 0.00000 0.00000 

0.00405 0.0001 3 0.00000 0.00000 0.00000 0.00000 

0.00496 0.00026 0.00013 0.00000 0.00000 0.00000 

0.00418 0.00052 0.00000 0.00000 0.00000 0.00000 

0.00509 0.00181 0.00013 0.00000 0.00000 0.00000 

0.08872 0.01811 0.00142 0.00013 0.00000 0.00013 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.03996 

Total 

0.00664 

0.0061 2 

0.00457 

0.00612 

0.00819 

0.00793 

0.00703 

0.00677 

0.00897 

0.01039 

0.00793 

0.00664 

0.00418 

0.00535 

0.00470 

0.00703 

0.10851 

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph 



TABLE 2.6-28 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NElw 

TOTAL 

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR 

ALL STABILITY CLASSES 

CRBRP METEOROLOGICAL TOWER, 75-FOOT LEVEL 

JULY 1,  1973 THROUGH JUNE 30, 1974 

0.0-1.3 1.4-2.9 - - 
0.01803 0.00841 

0.02276 0.01836 

0.01953 0.01610 

0.02703 0.02393 

0.02704 0.02922 

0.03144 0.01410 

0.02936 0.00936 

0.02354 0.00686 

0.02949 0.01009 

0.02509 0.01993 

0.01966 0.02832 

0.01695 0.01862 

0.01255 0.00918 

0.01591 0.00982 

0.01370 0.00790 

0.01539 0.01035 

0.34747 0.24055 

THE TOTAL PERCENTAGE 

WIND SPEED, KNOTS* 

3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 - - - - 
0.00285 0.001 94 0.00078 0.0001 3 

0.0051 8 0.00208 0.00052 0.00000 

0.00971 0.00194 0.00039 0.00000 

0.01720 0.00543 0.00194 0.00000 

0.01748 0.01216 0.00091 0.00000 

0.01 086 0.00360 0.00052 0 .OOOOO 

0.00750 0.00221 0.00169 0.00013 

0.00492 0.00091 0.00039 0.00000 

0.00738 0.00323 0.00194 0.00143 

0.01734 0.01139 0.01216 0.00582 

0.02794 0.02393 0.02561 0.00996 

0.01724 0.01319 0.00933 0.00389 

0.00880 0.00543 0.00634 0.00130 

0.01215 0.01643 0.02212 0.00337 

0.00608 0.00763 0.01048 0.00143 

0.00648 0.00194 0.00156 0.00000 

0.17911 0.11344 0.09668 0.02746 

OF CALMS FOR THIS STABILITY IS: 0.12403 

Tota l  

0.03214 

0.04890 

0.04766 

0.07553 

0.08681 

0.06052 

0.05025 

0.03662 

0.05356 

0.09186 

0.13621 

0.08026 

0.04386 

0.07980 

0.04794 

0.03572 

1.00000 

*1 knot  = 0.515 mlsec; 1 knot  = 1.16 mph 



TABLE 2.6-29 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL J O I N T  FREQUENCY OF WIND D I R E C T I O N  AND WIND SPEED FOR 

S T A B I L I T Y  CLASS A 

CRBRP METEOROLOGICAL TOWER, 200-FOOT LEVEL 

JULY 1 , 1 9 7 3  THROUGH JUNE 3 0 ,  1 9 7 4  

WINO SPEED. KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 - ----- 
0.00000 0.00013 0.00013 0.00000 0.00026 0.00013 

0.00000 0.00066 0.00013 0.00052 0.00144 0.00026 

0.00000 0.00026 0.00131 0.00183 0.00314 0.00105 

0.00000 0.00066 0.00275 0.00485 0.00577 0.00131 

0.00013 0.00105 0.00092 0.00197 0.00380 0.00052 

0.00000 0.00066 0.00092 0.00052 0.00157 0.00013 

0.00000 0.00026 0.00052 0.00183 0.00131 0.00013 

0.00000 0.00066 0.00118 0.00052 0.00066 0.00039 

0.00000 0.00066 0.00249 0.00157 0.00092 0.0001 3 

0.00013 0.00131 0.00275 0.00314 0.00367 0.00301 

0.00013 0.00052 0.00445 0.00354 0.00773 0.00668 

0.00013 0.00183 0.00328 0.00092 0.00262 0.001 97 

0.00000 0.00052 0.00144 0.00066 0.00105 0.00066 

0.00000 0.00052 0.00197 0.00105 0.00301 0.00131 

0.00000 0.00026 0.00079 0.00118 0.00131 0.00249 

0.00000 0.00105 0.00118 0.00039 0.00131 0.00092 

0.00052 0.01101 0.02621 0.02450 0.03957 0.02110 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00000 

Tota l  

0.00079 

0.00301 

0.00760 

0.01533 

0.00839 

0.00380 

0.00406 

0.00341 

0.00577 

0.01454 

0.02542 

0.01127 

0.00472 

0.00825 

0.00616 

0.00485 

0.12736 

*1 knot  = 0.515 m/sec; 1 knot  = 1.16 rnph 



TABLE 2.6-30 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR 

STABILITY CLASS B 

CRBRP METEOROLOGICAL TOWER, 200-FOOT LEVEL 

JULY 1 , 1 9 7 3  THROUGH JUNE 30,  1 9 7 4  

WINO SPEED, KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 - - - - - - 
0.00001 0.0001 3 0.00026 0.00026 0.00026 0.00000 

0.00001 0.00013 0.00013 0.00013 0.00118 0.00039 

0.00001 0.00026 0.00066 0.00039 0.00026 0.00013 

0.00001 0.00079 0.00157 0.00144 0.00144 0.00013 

0.00001 0.00066 0.00039 0.00092 0.00039 0.00000 

0.00014 0.00039 0.00131 0.00052 0.00013 0.00000 

0.00014 0.00013 0.00066 0.00092 0.00013 0.00000 

0.00001 0.00026 0.00118 0.00039 0.00000 0.00013 

0.00001 0.00039 0.00052 0.00026 0.00052 0.00013 

0.00001 0.00066 0.00131 0.00105 0.00157 0.00118 

0.00001 0.00066 0.00223 0.00262 0.00393 0.00511 

0.00014 0.00144 0.00105 0.00052 0.00118 0.00144 

0.00001 0.00039 0.001 18 0.00039 0.00092 0.00079 

0.00001 0.00039 0.00079 0.00131 0.00170 0.00092 

0.00001 0.00026 0.00105 0.00052 0.00170 0.00118 

0.00001 0.00039 0.00039 0.00013 0.00052 0.00026 

0.00052 0.00734 0.01468 0.01179 0.01585 0.01179 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00013 

Tota l  

0.00093 

0.00198 

0.00171 

0.00538 

0.00237 

0.00250 

0.00198 

0.00211 

0.00184 

0.00591 

0.01495 

0.00617 

0.00368 

0.00512 

0.00473 

0.00171 

0.06302 

*1 knot  = 0.515 mlsec; 1 knot  = 1.16 mph 



TABLE  2.6-31 

N 

NNE 

N E 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL J O I N T  FREQUENCY OF WIND D IRECT ION AND WIND SPEED FOR 

S T A B I L I T Y  CLASS C 

CRBRP METEOROLOGICAL TOWER, 200-FOOT LEVEL 

JULY  1, 1 9 7 3  THROUGH JUNE 3 0 ,  1 9 7 4  

WIND SPEED, KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 - ----- 
0.00000 0.00000 0.00026 0.00013 0.00013 0.00013 

0.00000 0.00039 0.00026 0.00013 0.00026 0.00000 

0.00013 0.00026 0.00013 0.00066 0.00013 0.00013 

0.00013 0.00066 0.00131 0.00118 0.00013 0.00013 

0.00013 0.00039 0.00092 0.00039 0.00026 0.00000 

0.00026 0.00026 0.00000 0.00013 0.00000 0.00000 

0.00013 0.00013 0.00000 0.00026 0.00000 0.00000 

0.00000 0.00013 0.00026 0.00026 0.00000 0.00000 

0.00039 0.00026 0.00052 0.0001 3 0.0001 3 0.00000 

0.00000 0.00052 0.00092 0.00039 0.00118 0.00039 

0.00026 0.00131 0.00144 0.00105 0.00314 0.00301 

0.00000 0.00079 0.001 31 0.00066 0.001 05 0.00079 

0.00000 0.00079 0.00066 0.00026 0.00026 0.0001 3 

0.00000 0.0001 3 0.00039 0.00066 0.001 31 0.00144 

0.0001 3 0.00066 0.00066 0.00052 0.00197 0.00079 

0.00026 0.00013 0.00026 0.00039 0.00039 0.00052 

0.00183 0.00681 0.00930 0.00721 0.01035 0.00747 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS :  0.00000 

Tota l  

0.00066 

0.00105 

0.00144 

0.00354 

0.00210 

0.00066 

0.00052 

0.00066 

0.00144 

0.00341 

0.01101 

0.00459 

0.00210 

0.00393 

0.00485 

0.00210 

0.04403 

*1 knot  = 0.515 m/sec; 1 knot  = 1.16 mph 



TABLE 2 . 6 - 3 2  

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL J O I N T  FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR 

S T A B I L I T Y  CLASS D 

CRBRP METEOROLOGICAL TOWER, 200-FOOT LEVEL 

JULY 1 , 1 9 7 3  THROUGH JUNE 3 0 ,  1 9 7 4  

WINO SPEED, KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 ------ 
0.00066 0.00157 0.00183 0.00039 0.00052 0.00013 

0.00118 0.00249 0.00170 0.00157 0.00210 0.00026 

0.00131 0.00197 0.00288 0.00419 0.00197 0.00013 

0.00236 0.00590 0.00983 0.00681 0.00472 0.00013 

0.00118 0.00550 0.00354 0.00144 0.00079 0.00000 

0.001 70 0.00341 0.00236 0.00039 0.00039 0.00013 

0.00131 0.00144 0.00118 0.00066 0.00079 0.00039 

0.00052 0.00144 0.00105 0.00052 0.00039 0.00039 

0.00066 0.00275 0.00197 0.00144 0.00066 0.00026 

0.00131 0.00341 0.00301 0.00249 0.00498 0.00393 

0.00118 0.00603 0.00642 0.00563 0.01585 0.01074 

0.00105 0.00354 0.00629 0.00445 0.00760 0.00393 

0.00052 0.00249 0.00223 0.00183 0.00393 0.00236 

0.00092 0.00354 0.00445 0.00406 0.00930 0.00485 

0.00144 0.00328 0.00485 0.00668 0.01441 0.00459 

0.00118 0.00668 0.00314 0.00262 0.00472 0.00210 

0.01847 0.05542 0.05673 0.04520 0.07311 0.03433 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00000 

Total 

0.00511 

0.00930 

0.01245 

0.02974 

0.01245 

0.00839 

0.00577 

0.00432 

0.00773 

0.01992 

0.04927 

0.02869 

0.01336 

0.02765 

0.03538 

0.02044 

0.28996 

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph 



TABLE  2 . 6 - 3 3  

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL J O I N T  FREQUENCY OF WIND D IRECT ION AND WIND SPEED FOR 

S T A B I L I T Y  CLASS E 

CRBRP METEOROLOGICAL TOWER, 200-FOOT LEVEL 

JULY  1 , 1 9 7 3  THROUGH JUNE 30, 1 9 7 4  

WINO SPEED, KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 - ----- 
0.00113 0.00236 0.00079 0.00079 0.00052 0.00000 

0.00231 0.00314 0.00052 0.00039 0.00079 0.00000 

0.00270 0.00550 0.00314 0.00079 0.00118 0.00013 

0.00349 0.01153 0.00642 0.00537 0.00144 0 .OOOOO 

0.00519 0.00760 0.00354 0.00118 0.00052 0.00013 

0.00506 0.00524 0.00144 0.00079 0.00052 0.00000 

0.00322 0.00236 0.00066 0.00039 0.00052 0.00039 

0.00152 0.00118 0.00052 0.00039 0.00039 0.00039 

0.00191 0.00223 0.00066 0.00039 0.00026 0.00013 

0.00309 0.00406 0.00275 0.00197 0.00262 0.00039 

0.00401 0.00825 0.00603 0.00537 0.00917 0.00380 

0.00322 0.00445 0.00380 0.00367 0.00655 0.00144 

0.00113 0.00144 0.00223 0.00131 0.00197 0.00039 

0.00218 0.00197 0.00144 0.00275 0.00275 0.00092 

0.00283 0.00249 0.00118 0.00197 0.00616 0.00131 

0.00362 0.00550 0.00197 0.00131 0.00131 0.00013 

0.04665 0.06931 0.03708 0.02883 0.03669 0.00956 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS:  0.00341 

To ta l  

0.00558 

0.00715 

0.01344 

0.02825 

0.01816 

0.01305 

0.00768 

0.00453 

0.00558 

0.01515 

0.03703 

0.02314 

0.00846 

0.01226 

0.01593 

0.01 384 

0.22930 

*1 knot  = 0.515 rn/sec; 1 knot  = 1.16 rnph 



TABLE 2.6-34 

ANNUAL JOINT  FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR 

STABIL ITY  CLASS F 

CRBRP METEOROLOGICAL TOWER, 200-FOOT LEVEL 

JULY 1 , 1 9 7 3  THROUGH JUNE 3 0 ,  1 9 7 4  

WIND SPEED, KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 16.1-21.0 21.1-99.0 Tota l  --------- 
N 0.00208 0.001 70 0.00092 0.00013 0.00026 0.00000 0.00000 0.00000 0.0051 0 

NNE 0.00339 0.00236 0.00052 0.00026 0.00039 0.00000 0.00000 0.00000 0.00693 

NE 0.00287 0.00406 0.001 70 0.00079 0.00013 0.00026 0.00000 0.00000 0.00981 

ENE 0.00379 0.00812 0.00498 0.00131 0.00026 0.00000 0.00000 0.00000 0.01846 

E 0.00339 0.00694 0.00105 0.00000 0.00000 0.00000 0.00000 0.00000 0.01139 

ESE 0.00457 0.00498 0.00066 0.00026 0.00000 0.00000 0.00000 0.00000 0.01047 

SE 

SSE 

s 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

0.00208 0.00223 0.00039 0.00013 0.00013 

0.001 95 0.00079 0.00026 0.00000 0.00000 

0.00156 0.00131 0.00066 0.00026 0.00000 

0.00392 0.00380 0.00066 0.00039 0.00066 

0.00131 0.01048 0.00341 0.00288 0.00197 

0.00238 0.00314 0.00262 0.00170 0.00039 

0.00117 0.00131 0.00079 0.00039 0.00000 

0.001 56 0.00039 0.00105 0.00052 0.00000 

0.00143 0.00210 0.00052 0.00000 0.00013 

0.00287 0.00642 0.00118 0.00013 0.00013 

0.04232 0.06014 0.02136 0.00917 0.00445 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS:  

*1 knot  = 0.515 m/sec; 1 knot  = 1.16 mph 



TABLE  2.6-35 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL J O I N T  FREQUENCY OF WIND D IRECT ION AND WIND SPEED FOR 

S T A B I L I T Y  CLASS G 

CRBRP METEOROLOGICAL TOWER, 200-FOOT LEVEL  

JULY 1 , 1 9 7 3  THROUGH JUNE 30 ,  1 9 7 4  

WIND SPEED, KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 - ----- 
0.00060 0.00026 0.00000 0.00000 0.00000 0.00000 

0.00060 0.001 31 0.00039 0.0001 3 0.00026 0.00000 

0.00231 0.00236 0.00118 0.00013 0.00039 0.00000 

0.001 78 0.00799 0.00354 0.00092 0.00000 0.00000 

0.00191 0.00393 0.00039 0.00000 0.00000 0.00000 

0.00205 0.00354 0.00013 0.00000 0.00000 0.00000 

0.00165 0.00144 0.00039 0.00026 0.00000 0.00000 

0.00074 0.00039 0.00066 0.00000 0.00013 0.00000 

0.00165 0.00052 0.00039 0.00013 0.00013 0.00000 

0.00257 0.00197 0.00118 0.00052 0.00105 0.00000 

0.00388 0.00708 0.00550 0.0021 0 0.00249 0.00000 

0.00257 0.00459 0.00629 0.00301 0.00052 0.00000 

0.00087 0.00210 0.00118 0.00013 0.00000 0.00000 

0.00074 0.00144 0.00066 0.00039 0.00000 0.00000 

0.00152 0.00183 0.00039 0.00026 0.00000 0.0001 3 

0.00270 0.00249 0.00092 0.00000 0.00000 0.00000 

0.0281 7 0.04324 0.0231 9 0.00799 0.00498 0.00013 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00131 

To ta l  

0.00087 

0.00270 

0.00637 

0.01423 

0.00624 

0.00571 

0.00375 

0.00191 

0.00283 

0.00729 

0.02118 

0.01698 

0.00427 

0.00322 

0.0041 4 

0.00611 

0.10784 

*1 knot  = 0.515 m/sec; 1 knot  = 1.16 mph 



TABLE 2.6-36 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

TOTAL 

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR 

ALL STABILITY CLASSES 

CRBRP METEOROLOGICAL TOWE.R, 200-FOOT LEVEL 

JULY 1, 1973 THROUGH JUNE 30, 1974 

WINO SPEED, KNOTS* 

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 ------ 
0.00448 0.00615 0.00419 0.00170 0.00195 0.00039 

0.00749 0.01048 0.00365 0.0031 3 0.00837 0.00091 

0.00933 0.01467 0.01100 0.00877 0.00720 0.00183 

0.01156 0.03565 0.03040 0.02188 0.01376 0.00170 

0.01 194 0.02607 0.01075 0.00590 0.00576 0.00065 

0.01378 0.01848 0.00682 0.00261 0.00261 0.00026 

0.00853 0.00799 0.00380 0.00445 0.00288 0.00091 

0.00474 0.00485 0.00511 0.00208 0.00157 0.00130 

0.00618 0.00812 0.00721 0.00418 0.00262 0.00078 

0.01103 0.01573 0.01258 0.00995 0.01259 0.00916 

0.01078 0.03433 0.02948 0.02319 0.03708 0.02947 

0.00949 0.01978 0.02464 0.01493 0.01991 0.00970 

0.00370 0.00904 0.00971 0.00497 0.00813 0.00433 

0.00541 0.00838 0.01075 0.01074 0.01796 0.00944 

0.00736 0.01148 0.00944 0.01113 0.02568 0.01062 

0.01 064 0.02266 0.00904 0.00497 0.00838 0.00396 

0.13644 0.25386 0.18857 0.13458 0.17645 0.08541 

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00891 

Total 

0.01899 

0.03403 

0.05280 

0.11495 

0.06107 

0.04456 

0.02869 

0.01991 

0.02909 

0.07274 

0.17193 

0.10119 

0.04027 

0.06385 

0.07610 

0.05978 

0.98995 

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph 



TABLE 2.6-37 

PERCENT D I S T R I B U T I O N  OF THE PASQUILL S T A B I L I T Y  CLASSES A-G 

U S I N G  THE CRBRP ON-SITE DATA, 75 FOOT WIND LEVEL 

S t a b i l i t y  Classes 

A B C D E F G _ _ _ _ _ _ _ _ _ - -  

January 1974 0.03537 0.08707 0.07075 0.52789 0.13061 0.05851 0.08980 
Calm 0.0 0.0 0.00272 0.01905 0.01905 0.01633 0.04626 

February 1974 
Calm 

March 1974 
Calm 

A p r i l  1974 
Calm 

May 1974 
Calm 

June 1974 
Calm 

J u l y  1973 
Calm 

August 1973 
Calm 

September 1973 
Calm 

October 1973 
Calm 

November 1973 
Calm 

December 1973 
Calm 

Annual* 
Calm 

*Ju ly  1, 1973 through June 30, 1974 



TABLE 2.6-38 

PERCENTAGE DISTRIBUTION OF THE PASQUILL STABILITY CLASSES A-G 

USING THE CRBRP ON-SITE DATA, 2 0 0  FOOT WIND LEVEL 

Stabi  1 i t y  Classes  

A B C D E F G ------- 
January 1974 0.03537 0.08707 0.06939 0.53061 0.13061 0.05850 0.08844 

Calm 0.0 0 .0  0 .0  0.0 0 .0  0.0 0.0 

February 1974 0.00753 0.03765 0.04066 0.46836 0.20633 0.09639 0.14759 
Calm 0.0 0.0 0.0 0 .0  0.0 0 .0  0.00151 

March 1974 0.18209 0.07342 0.04846 0.30543 0.161 53 0.07342 0.15565 
Calm 0.0 0 .0  0.0 0.0 0.0 0 .0  0 .0  

April  1974 0.14384 0.12671 0.01712 0.18151 0.15411 0.07534 0.30137 
Calm 0.0 0.0 0.0 0 .0  0.0 0.0 0.0 

May 1974 0.06061 0.09366 0.05096 0.26033 0.31 405 0.13223 0.0881 6 
Calm 0.0 0.0 0.0 0.0 0.01377 0.01102 0.00138 

June 1974 0.04590 0.11 266 0.04729 0.27260 0.26425 0.17664 0.08067 
Calm 0.0 0.0 0 .0  0.0 0.02086 0.03060 0.00278 

J u l y  1973 0.27562 0.02078 0.05817 0.17036 0.29501 0.14404 0.03601 
Calm 0.0 0 .0  0.0 0.0 0.0 0.0 0.0 

August 1973 0.24831 0.06588 0.03378 0.1 4865 0.16047 0.27703 0.06588 
Calm 0.0 0.0 0.0 0.0 0.0 0.00169 0.00169 

September 1973 0.27378 0.041 79 0.03026 0.17435 0.20461 0.22622 0.04899 
Calm 0.0 0.00144 0.0 0 .0  0.0 0.0 0 .0  

October 1973 0.15272 0.03671 0.02496 0.17768 0.29809 0.17474 0.13510 
Calm 0.0 0.0 0.0 0 .0  0.0 0 .0  0.00294 

November 1973 0.06615 0.04086 0.04086 0.25486 0.29183 0.12062 0.18483 
Calm 0.0 0.0 0.0 0.0 0 .0  0.0 0.00584 

December 1973 .0.03922 0.0441 2 0.04575 0.46569 0.23039 0.08007 0.09477 
Calm 0 .0  0 .0  0.0 0 .0  0.00163 0.0  0.0 

Annual* 0.12736 0.06302 0.04403 0.28996 0.22930 0.13849 0.10784 
Calm 0.0 0.00013 0.0 0.0 0.00341 0.00406 0.001 31 

*July  1 ,  1973 through June 30, 1974 



TABLE 2.6-39 

ATMOSPHERIC DILUTION FACTORS 

FOR 95 AND 50 PERCENT WEATHER 

Distance 95 Percent x/Q* 50 Percent x/Q* 
(mi les)  (Pasqu i l l  G, 0.28 m/s)** (Pasqu i l l  D, 1.1 m/s)** 

*Includes b u i l d i n g  wake e f f e c t  on x/Q value 

**Wind speed values are from the  75 f o o t  l e v e l  

'~inimum exclus ion d is tance o f  2,200 f e e t  



TABLE 2.6-40 

Distance 
(mi les )  

ATMOSPHERIC D ILUT ION FACTORS 

x/Q FOR ACCIDENT CONDITIONS 

Hours 

0-8" 8-24 

9 . 8 7 2 ~ 1 0 - ~  1 . 5 1 7 ~ 1 0 - ~  

2.978 x 4.258 x l o w 4  
1 . 5 3 0 ~ 1 0 ' ~  2.061 x ~ ~ - 4  

8.646 1.156 

6.517 x 8.475 x 

4.785 x 4.801 x 

3.265 x 2.663 x 

1.548 8.665 x 

1.291 x 4.582 x 

5.571 x l o w 5  2.091 x 

2.619 x 7.269 x 

1.213 2.669 

Days 

1-4 4-30 

1 . 4 1 3 ~ 1 0 - ~  2 . 8 0 3 ~ 1 0 - ~  

4.007 x l o w 4  7.883 x 

1.916 x 3.780 x 

1 . 0 8 3 ~ 1 0 - ~  1 . 6 7 0 ~ 1 0 - ~  

7 . 9 2 8 x 1 0 - ~  1 . 5 3 6 ~  

4 . 5 6 5 x 1 0 - ~  8 . 7 9 6 ~ 1 0 ~ ~  

2.528 x l oe5  4.846 x 

8 . 3 7 6 x 1 0 - ~  1 . 5 9 4 x 1 0 - ~  

4 . 5 2 9 ~  8 . 5 9 3 x 1 0 - ~  

2 . 1 5 8 x 1 0 - ~  4 . 0 7 8 x 1 0 - ~  

*Includes b u i l d i n g  wake f a c t o r s  g iven  i n  Table 2.6-42 

'~inimum exc l  us ion  d is tance o f  2,200 f e e t  



TABLE 2.6-41 

SHORT-TERM METEOROLOGICAL DATA* 

A. Maximum Hour ly  Wind D i r e c t i o n  Pers is tence f o r  I n d i v i d u a l  S t a b i l  i ty 
Classes : 

4 Hours 

4 Hours 

7 Hours 

11 Hours 

3 Hours 

5 Hours 

6 Hours 

B. Maximum Frequency o f  Wind i n  any Sector:  

Frequency 13.62% from Southwest 

C. Maximum Hour ly  Pers is tence o f  Wind i n  Any Sector:  

Du ra t i on  11 Hours from West-Northwest 

D. Frequency D i s t r i b u t i o n  o f  S t a b i l i t y  Classes a t  t he  75- foo t  Level 
Over Per iod  o f  One Year (June 1, 1973 through June 30, 1974) : 

*Data c o l l e c t e d  a t  CRBRP meteoro log ica l  tower du r i ng  pe r i od  J u l y  1, 1973 
through June 30, 1974. 



TABLE 2.6-42 

BUILDING WAKE EFFECT ON x/Q VALUES 

Reduction Factor 
f o r  95% Weather and 

0-8 Hour Val ues 
(Type G) 

Downwi nd 
Distance 
(mi les )  

Reduction Factor 
For 50% Weather Value 

(Type D) 

*Minimum exclusion distance o f  2,200 f e e t  



TABLE 2.6-43 

SUMMARY OF ASSUMPTIONS FOR SHORT-TERM ACCIDENT, x/Q ESTIMATES 

Median 
Pasqui 11 Stab i  1 i t y  Frequency Wind Speed 

Per iod Class Percent (m/sec)* Wind Cond i t ion  

0-8 Hours Extremely S tab le  50 0.79 

Very S tab le  50 0.82 
Steady 

8-24 Hours Moderately Stab1 e 44 1.08 Un i fo rmly  Averaged 
Over 22.5" Sector 

Neutra l  5 6 1.85 With 100% Frequency 

1-4 Days Extremely Stab1 e 15 0.79 

Very S tab le  

Moderately Stabl  e 

0.82 Un i fo rmly  Averaged 

1.08 Over 22.5" Sector 
With 50% Frequency 

Neutra l  42 1.85 

4-30 Days Extremely Stab1 e 10 0.79 

Very S tab le  10 0.82 

Moderately Stab1 e 18 1.08 Un i fo rmly  Averaged 
Neutra l  2 8 1.85 Over 22.5" Sector 

Sl  i g h t l y  Unstable 

Moderately Unstabl e 13 2.47 

Extremely Unstable 15 2.16 

*Wind speed values a re  from t h e  75 f o o t  l e v e l  

With 14% Frequency 

J o i n t  
Frequency 

Percent 





TABLE 2.6-45 

ESTIMATED WINTER AVERAGE X/Q (sec/m3) VALUES USING WIND DIRECTION AND SPEED AT 75 FT. LEVEL 

Downwind 
Distance 
M i l e s  

0.1 

0.2 

0.3 

0.5 

0.8 

1.0 

1.5 

2.5 

3.5 

4.5 

7.5 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

NNE 

8.08E-7 

1.18E-6 

8.98E-7 

5.41E-7 

3.20E-7 

2.43E-7 

1.43E-7 

7.15E-8 

4.49E-8 

3.16E-8 

1.57E-8 

1.06E-8 

5.93E-9 

4.17E-9 

3.18E-9 

2.56E-9 

2.13E-9 

1.81E-9 

1.58E-9 

1.39E-9 

ENE 

1.09E-6 

1.16E-6 

8.30E-7 

4.63E-7 

2.56E-7 

1.90E-7 

1.08E-7 

5.24E-8 

3.24E-8 

2.27E-8 

I. lOE-8 

7.40E-9 

4 . l lE -9  

2.85E-9 

2.15E-9 

1.72E-9 

1.42E-9 

1.20E-9 

1.04E-9 

9.13E-10 

SSE 

4.27E-7 

6.94E-7 

5.19E-7 

3.09E-7 

1.84E-7 

1.40E-7 

8.28E-8 

4.14E-8 

2.60E-8 

1.83E-8 

9.06E-9 

6.12E-9 

3.41E-9 

2.40E-9 

1.83E-9 

1.47E-9 

1.23E-9 

1.05E-9 

9.11E-10 

8.05E-10 

SSW 

6.56E-7 

1.00E-6 

7.53E-7 

4.29E-7 

2.36E-7 

1.25E-7 

9.94E-8 

4.81E-8 

2.97E-8 

2.08E-8 

1.01E-8 

6.768-9 

3.76E-9 

2.59E-9 

1.95E-9 

1.55E-9 

1.27E-9 

1.07E-9 

9.27E-10 

8.13E-10 

WSW 

8.00E-7 

1.33E-6 

1.01E-6 

5.76E-7 

3.18E-7 

2.35E-7 

1.34E-7 

6.48E-8 

4.01 E-8 

2.80E-8 

1.3%-8 

9.12E-9 

5.08E-9 

3.50E-9 

2.63E-9 

2.09E-9 

1.72E-9 

1.45E-9 

1.25E-9 

1.10E-9 

WNW 

8.63E-7 

1.19E-6 

8.78E-7 

5.14E-7 

2.99E-7 

2.26E-7 

1.32E-7 

6.56E-8 

4.10E-8 

2.88E-8 

1.42E-8 

9.59E-9 

5.34E-9 

3.74E-9 

2.85E-9 

2.29E-9 

1.90E-9 

1.62E-9 

1.40E-9 

1.24E-9 

NNY 

2.59E-7 

3.50E-7 

2.74E-7 

1.7%-7 

1. IOE-7 

8.55E-8 

5.17E-8 

2.63E-8 

1.67E-8 

1.19E-8 

5.95E-9 

4.06E-9 

2.28E-9 

1.62E-9 

1.25E-9 

1.01E-9 

8.45E-10 

7.25E-10 

6.3ZE-10 

5.60E-10 



TABLE 2.6-46 

ESTIMATED SPRING AVERAGE x/Q (sec/m3) VALUES USING WIND DIRECTION AND SPEED A T  75 FT .  LEVEL 

Downwind 
Distance 
Miles 

0 .1  

0.2 

0.3 

0.5 

0.8 

1.0 

1.5 

2.5 

3,. 5 

4.5 

7.5 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

ESE 

6.21E-7 

7.08E-7 

5.18E-7 

2.99E-7 

1.71E-7 

1.28E-7 

7.41E-8 

3.64E-8 

2.27E-8 

1.59E-8 

7.83E-9 

5.27E-9 

2.94E-9 

2.06E-9 

1.56E-9 

1.25E-9 

1.04E-9 

8.81E-10 

7.64E-I0 

6.73E-10 

SSE 

7.50E-7 

1.22E-6 

9.57E-7 

6.27E-7 

4.05E-7 

3.17E-7 

1.94E-7 

9.97E-8 

6.34E-8 

4.51E-8 

2.27E-8 

1.55E-8 

8.69E-9 

6.21E-9 

4.80E-9 

3.89E-9 

2.26E-9 

2.80E-9 

2.45E-9 

2.17E-9 



h h h h h m m m m m m m m m m Z Z Z Z Z  
I I I I , I I I I I I I I I I I , , I ,  

Y Y Y Y Y Y Y W Y Y Y Y Y Y Y Y Y Y Y Y  j n r r z z ; z a % E z n a s z s n F e ?  
N . i o N : & i & ; : i O N : : & h w m m  

0 0 0 0 0 0  h C h h h m m m m m m m m m r - - ~ - ~  
s # ~ m # # ~ , , , , # , , , , , , , ,  

Y Y Y Y Y Y Y W Y Y Y Y Y Y Y Y Y Y Y Y  
~ ~ m m m o ~ m m m - h o N o - m - m m - a  q y y 7 - e ~ ~ - m m ~ m ~ ~ m m o o r -  . . . . . . . . . .  

m - n ~ - m e ~ - m e m - - & < i i G &  



TABLE 2.6-48 

ESTIMATED FALL AVERAGE X/Q (sec/rn3) VALUES USING WIND DIRECTION AND SPEED AT 75 FT. LEVEL 

Downwind 
Distance 

NNE NE ENE ESE SE SSE SSW S W WNU NNU M i l e s - N  E 5 W S W W N l i -  

0.1 6.97E-7 1.09E-6 1.26E-6 9.32E-7 5.12E-7 5.39E-7 3.37E-7 5.36E-7 3.43E-7 5.34E-7 8.51E-7 1.03E-6 1.87E-6 1.18E-6 9.90E-7 7.70E-7 

0.2 1.13E-6 1.17E-6 1.26E-6 8.21E-7 4.42E-7 7.10E-7 4.09E-7 1.57E-7 5.56E-7 1.20E-6 1.28E-6 1.65E-6 2.15E-6 1.53E-6 1.41E-6 9.94E-7 

0.3 9.27E-7 8.99E-7 9.42E-7 6.12E-7 3.37E-7 5.57E-7 3.16E-7 1.39E-7 4.62E-7 1.01E-6 1.01E-6 1.34E-6 1.62E-6 1.19E-6 1.12E-6 7.90E-7 

0.5 5.89E-7 5.47E-7 5.38E-7 3.76E-7 2.11E-7 3.46E-7 1.96E-7 9.63E-8 3.12E-7 6.49E-7 5.87E-7 7.93E-7 9.33E-7 6.99E-7 6.76E-7 4.91E-7 

0.8 3.56E-7 3.25E-7 2.96E-7 2.30E-7 1.30E-7 2.08E-7 1.19E-7 6.25E-8 2.01E-7 3.91E-7 3.23E-7 4.40E-7 5.20E-7 3.91E-7 3.91E-7 2.92E-7 

1.0 2.72E-7 2.46E-7 2.17E-7 1.76E-7 9.98E-8 1.58E-7 9.14E-8 4.89E-8 1.57E-7 2.98E-7 2.38E-7 3.24E-7 3.85E-7 2.89E-7 2.94E-7 2.22E-7 

1.5 1.61E-7 1.45E-7 1.23E-7 1.05E-7 5.96E-8 9.38E-8 5.44E-8 2.99E-8 9.60E-8 1.76E-7 1.35E-7 1.84E-7 2.20E-7 1.65E-7 1.71E-7 1.31E-7 

2.5 8.10E-8 7.21E-8 5.93E-8 5.27E-8 3.01E-8 4.70E-8 2.74E-8 1.54E-8 4.93E-8 8.85E-8 6.52E-8 8.90E-8 1.07E-7 8.01E-8 8.42E-8 6.53E-8 

3.5 5.11E-8 4.53E-8 3.66E-8 3.33E-8 1.90E-8 2.96E-8 1.73E-8 9.8OE-9 3.14E-8 5.57E-8 4.03E-8 5.52E-8 6.62E-8 4.97E-8 5.27E-8 4.11E-8 

4.5 3.62E-8 3.20E-8 2.56E-8 2.36E-8 1.35E-8 2.09E-8 1.22E-8 6.98E-9 2.24E-8 3.94E-8 2.82E-8 3.86E-8 4.63E-8 3.49E-8 3.71E-8 2.90E-8 

7.5 1.80E-8 1.59E-8 1.2%-8 1.18E-8 6.77E-9 1.04E-8 6.11E-9 3.53E-9 1.13E-8 1.97E-8 1.38E-8 1.89E-8 2.27E-8 1.71E-8 1.83E-8 1.44E-8 

10.0 1.22E-8 1.08E-8 8.37E-9 8.00E-9 4.60E-9 7.07E-9 4.15E-9 2.41E-9 7.72E-9 1.34E-8 9.22E-9 1.27E-8 1.52E-8 1.15E-8 1.24E-8 9.79E-9 

15.0 6.89E-9 6.04E-9 4.69E-9 4.49E-9 2.59E-9 3.97E-9 2.33E-9 1.36E-9 4.35E-9 7.52E-9 5.16E-9 7.12E-9 8.50E-9 6.42E-9 6.94E-9 5.50E-9 

20.0 4.86E-9 4.25E-9 3.22E-9 3.18E-9 1.83E-9 2.80E-9 1.64E-9 9.70E-10 3.10E-9 5.29E-9 3.5%-9 4.90E-9 5.88E-9 4.43E-9 4.85E-9 3.87E-9 

25.0 3.71E-9 3.24E-9 2.42E-9 2.44E-9 1.41E-9 2.14E-9 1.26E-9 7.48E-10 2.39E-9 4.03E-9 2.66E-9 3.67E-9 4.43E-9 3.34E-9 3.68E-9 2.95E-9 

30.0 2.98E-9 2.60E-9 1.92E-9 1.97E-9 1.14E-9 1.72E-9 1.02E-9 6.05E-10 1.94E-9 3.24E-9 2.11E-9 2.91E-9 3.52E-9 2.65E-9 2.94E-9 2.37E-9 

35.0 2.48E-9 2.16E-9 1.58E-9 1.64E-9 9.47E-13 1.42-9 8.46E-10 5.06E-10 1.62E-9 2.69E-9 1.73E-9 2.39E-9 2.90E-9 2.18E-9 2.43E-9 1.97E-9 

40.0 2.12E-9 1.84E-9 1.33E-9 1.40E-9 8.10E-10 1.22E-9 7.23E-10 4.34E-10 1.39E-9 2.29E-9 1.46E-9 2.01E-9 2.46E-9 1.84E-9 2.07E-9 1.68E-9 

45.0 1.84E-9 1.60E-9 1.15E-9 1.22E-9 7.06E-10 1.06E-9 6.30E-10 3.79E-10 1.22E-9 1.99E-9 1.26E-9 1.73E-9 2.12E-9 1.59E-9 1.79E-9 1.46E-9 

50.0 1.62E-9 1.41E-9 1.00E-9 1.08E-9 6.24E-10 9.39E-10 5.57E-10 3.36E-10 1.08E-9 1.76E-9 l.lOE-9 1.52E-9 1.86E-9 1.39E-9 1.58E-9 1.29E-9 



TABLE  2.6-49 

ESTIMATED ANNUAL AVERAGE X/Q (sec/m3) VALUES USING WIND DIRECTION AND SPEED AT 2 0 0  FT. LEVEL 

Downwind 
D i s t a n c e  
% 

0.1 

0.2 

0.3 

0.42' 

0.5 

0.8 

1.0 

1.5 

2.5 

3.5 

4.5 

7.5 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

NE ENE - -  
1.31E-6 8.37E-7 

I .66E-6 9.74E-7 

1.28E-6 7.41E-7 

1.18E-6 6.84E-7 

7.77E-7 4.56E-7 

4.57E-7 2.77E-7 

3.46E-7 2.12E-7 

2.03E-7 1.26E-7 

1.01E-7 6.35E-8 

6.33E-8 4.00E-8 

4.46E-8 2.83E-8 

2.21E-8 1.41E-8 

1.49E-8 9.59E-9 

8.40E-9 5.38E-9 

5.90E-9 3.81E-9 

4.50E-9 2.92E-9 

3.61E-9 2.35E-9 

3.00E-9 1.96E-9 

2.56E-9 1.67E-9 

2.22E-9 1.46E-9 

1.96E-9 1.29E-9 

ESE SE SSE --- 
5.45E-7 6.12E-7 6.09E-7 

6.21E-7 7.82E-7 9.84E-7 

4.51E-7 5.78E-7 7.75E-7 

4.11E-7 5.28E-7 7.12E-7 

2.5lE-7 3.27E-7 4.60E-7 

1.37E-7 1.80E-7 2.60E-7 

1.01E-7 1.33E-7 1.94E-7 

5.68E-8 7.57E-8 l . l l E - 7  

2.73E-8 3.66E-8 5.45E-8 

1.69E-8 2.26E-8 3.39E-8 

1.18E-8 1.58E-8 2.38E-8 

5.70E-9 7.69E-9 1.17E-8 

3.81E-9 5.15E-9 7.86E-9 

2.12E-9 2.87E-9 4.40E-9 

1.46E-9 1.98E-9 3.05E-9 

1.09E-9 1.49E-9 2.30E-9 

8.67E-10 l.18E-9 1.83E-9 

7.13E-10 9.75E-10 1.51E-9 

6.02E-10 8.25E-10 1.28E-9 

5.19E-10 7.12E-10 1 . l l E - 9  

4.54E-10 6.25E-10 9.73E-10 

SSW S W WSW \i WNW NU ------ 
3.40E-7 4.32E-7 1.02E-6 6.67E-7 5.01E-7 2.91E-7 

5.54E-7 7.23E-7 1.53E-6 1.07E-6 8.59E-7 4.50E-7 

4.39E-7 5.84E-7 1.21E-6 8.59E-7 6.97E-7 3,60E-7 

4.03E-7 5.42E-7 1.12E-6 7.90E-7 6.43E-7 3.32E-7 

2.57E-7 3.57E-7 7.33E-7 5.15E-7 4.25E-7 2.20E-7 

1.41E-7 2.07E-7 4.25E-7 2.92E-7 2.44E-7 1.28E-7 

1.04E-7 1.55E-7 3.2OE-7 2.17E-7 1.83E-7 9.62E-8 

5.85E-8 9.03E-8 1.86E-7 1.25E-7 1.06E-7 5.60E-8 

2.82E-8 4.46E-8 9.22E-8 6.10E-8 5.22E-8 2.77E-8 

1.74E-8 2.79E-8 5.77E-8 3.80E-8 3.26E-8 1.74E-8 

1.22E-8 1.97E-8 4.06E-8 2.67E-8 2.29E-8 1.22E-8 

5.94E-9 9.72E-9 2.01E-8 1.31E-8 l . l 3E-8  6.05E-9 

3.98E-9 6.56E-9 1.36E-8 8.84E-9 7.64E-9 4.09E-9 

2.23E-9 3.69E-9 7.61E-9 4.9%-9 4.29E-9 2.30E-9 

1.53E-9 2.57E-9 5.32E-9 3.44E-9 2.99E-9 1.60E-9 

1.15E-9 1.95E-9 4.04E-9 2.59E-9 2.26E-9 1.22E-9 

9.06E-10 1.56E-9 3.23E-9 2.06E-9 1.80E-9 9.74E-10 

7.43E-10 1.29E-9 2.68E-9 1.70E-9 1.49E-9 8.07E-10 

6.27E-10 l.lOE-9 2.28E-9 1.44E-9 1.27E-9 6.86E-10 

5.39E-10 9.50E-10 1.97E-9 1.25E-9 1.lOE-9 5.95E-10 

4.71E-10 8.36E-10 1.74E-9 1.09E-9 9.63E-10 5.23E-10 

*Site exclusion boundarl 



TABLE 2.6-50 

ESTIMATED WINTER AVERAGE X/Q (sec/m3) VALUES USING WIND DIRECTION AND SPEED AT 2 0 0  FT. LEVEL 

Downwind 
Distance 
Mi les 

0.1 

0.2 

0.3 

0.5 

0.8 

1.0 

1.5 

2.5 

3.5 

4.5 

7.5 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

ENE 

8.96E-7 

9.53E-7 

6.77E-7 

3.98E-7 

2.38E-7 

1.82E-7 

1 .WE-7 

5.40E-8 

3.39E-8 

2.39E-8 

1.19E-8 

8.04E-9 

4.49E-9 

3.18E-9 

2.44E-9 

1.97E-9 

1.64E-9 

1.41E-9 

1.23E-9 

1.09E-9 

SSE 

7.49E-7 

1 .O8E-6 

7.99E-7 

4.63E-7 

2.65E-7 

1.99E-7 

1.16E-7 

5.70E-8 

3.55E-8 

2.50E-8 

1.23E-8 

8.25E-9 

4.59E-9 

3.21E-9 

2.44E-9 

1.95E-9 

1.61E-9 

1.37E-9 

1.19E-9 

1.05E-9 

wsw 

9.65E-7 

1.44E-6 

1 .WE-6 

6.36E-7 

3.72E-7 

2.81E-7 

1.65E-7 

8.19E-8 

5.12E-8 

3.61E-8 

1.78E-8 

1.20E-8 

6.70E-9 

4.70E-9 

3.58E-9 

2.87E-9 

2.39E-9 

2.04E-9 

1.77E-9 

1.56E-9 



TABLE 2.6-51 

ESTIMATED SPRING AVERAGE x/Q (sec/m3) VALUES US ING WIND D IRECT ION AND SPEED AT 200 FT.  LEVEL 

Oownw~nd 
Distance 
M i l es  --- 

0.1 

0.2 

0.3 

0.5 

0.8 

1.0 

1 . 5  

2.5 

3.5 

4.5 

7.5 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

NNE .- 

5.03E-7 

5.89E-7 

4.56E-7 

2.94E-7 

1 .88E-7 

1.46E-7 

8.89E-8 

4.55E-8 

2.89E-8 

2.06E-8 

1.03E-8 

7.06E-9 

3.96E-9 

2.83E-9 

2.18E-9 

1.77E-9 

1.48E-9 

1.27E-9 

1 . l lE -9  

9.85E-10 

ENE 

6.41E-7 

7.15E-7 

5.51E-7 

3.75E-7 

2.55E-7 

2.02E-7 

1.26E-7 

6.57E-8 

4.20E-8 

3.00E-8 

1.53E-8 

1.05E-8 

5.88E-9 

4.24E-9 

3.30E-9 

2.69E-9 

2.26E-9 

1.95E-9 

1.71E-9 

1.52E-9 

ESE -- 
4.21E-7 

4.86E-7 

3.62E-7 

2.24E-7 

1.39E-7 

1.07E-7 

6.46E-8 

3.28E-8 

2.07E-8 

1.47E-8 

7.35E-9 

5.00E-9 

2.80E-9 

1.99E-9 

1.53E-9 

1.24E-9 

1.04E-9 

8.88E-10 

7.75E-10 

6.87E-10 

WNW 

4.34E-7 

6.83E-7 

5.62E-7 

3.77E-7 

2.43E-7 

1.90E-7 

1.16E-7 

5.95E-8 

3.79E-8 

2.70E-8 

1.36E-8 

9.30E-9 

5.23E-9 

3.73E-9 

2.88E-9 

2.33E-9 

1.95E-8 

1.68E-9 

1.46E-9 

1.30E-9 



TABLE 2.6-52 

ESTIMATED SUMMER AVERAGE x/Q 

Downwind 
Distance 
M i l e s  

0.1 

0.2 

0.3 

0.5 

0.8 

1.0 

1.5 

2.5 

3.5 

4.5 

7.5 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

NNE 

1.17E-6 

1.43E-6 

1.11E-6 

6.40E-7 

3.47E-7 

2.54E-7 

1.42E-7 

6.83E-8 

4.21E-8 

2.94E-8 

1.43E-8 

9.56E-9 

5.36E-9 

3.67E-9 

2.74E-9 

2.16E-9 

1.77E-9 

1.49E-9 

1.28E-9 

1.12E-9 

ENE 

1.14E-6 

1.22E-6 

9.20E-7 

5.36E-7 

3.03E-7 

2.25E-7 

1.29E-7 

6.33E-8 

3.94E-8 

2.76E-8 

1.36E-8 

9.14E-9 

5.12E-9 

3.56E-9 

2.69E-9 

2.14E-9 

1.77E-9 

1.50E-9 

1.30E-9 

1.14E-9 

(sec/mJ) VALUES US ING WIND D IRECT ION AND SPEED A T  200 FT .  LEVEL  

ESE 

5.05E-7 

4.62E-7 

3.40E-7 

1.87E-7 

9.86E-8 

7 . l l E - 8  

3.91E-8 

1 .84E-8 

1.12E-8 

7.80E-9 

3.75E-9 

2.49E-9 

1.39E-9 

9.40E-10 

6.96E-10 

5.45E-10 

4.43E-10 

3.71E-10 

3.17E-10 

2.76E-10 

SSE 

1.01E-6 

1.55E-6 

1.24E-6 

7.08E-7 

3.73E-7 

2.70E-7 

1.48E-7 

7.00E-8 

4.29E-8 

2.98E-8 

1.43E-8 

9.54E-9 

5.35E-9 

3.61E-9 

2.66E-9 

2.08E-9 

1.69E-9 

1.41E-9 

1.20E-9 

1.0%-9 

SSW 

4.27E-7 

7.58E-7 

6.27E-7 

3.65E-7 

1.93E-7 

1.40E-7 

7.68E-8 

3.63E-8 

2.22E-8 

1.55E-8 

7.46E-9 

4.97E-0 

2.80E-9 

1.89E-9 

1.39E-9 

1.09E-9 

8.82E-10 

7.36E-10 

6.28E-10 

5.44E-10 

WSW 

9.30E-7 

1.53E-6 

1.24E-6 

7.21E-7 

3.84E-7 

2.78E-7 

1.54E-7 

7.31E-8 

4.49E-8 

3.12E-8 

1.51E-8 

1.01E-8 

5.65E-9 

3.83E-9 

2.83E-9 

2.22E-9 

1.81E-9 

1.51E-9 

1.29E-9 

1.12E-9 

WNY 

4.37E-7 

8.84E-7 

7.28E-7 

4.17E-7 

2.15E-7 

1.54E-7 

8.36E-8 

3.89E-8 

2.37E-8 

1.64E-8 

7.83E-9 

5.19E-9 

2.91E-9 

1.94E-9 

1.42E-9 

1.10E-9 

8.84E-10 

7.33E-10 

6.21E-10 

5.35E-10 



TABLE 2.6-53 

ESTIMATED FALL AVERAGE X/Q (sec/rn3) VALUES USING WIND DIRECTION AND SPEED AT 200 FT. LEVEL 

Downwind 
Distance 

Mi les  

0 . 1  

0 .2  

0 . 3  

0 .5  

0 . 8  

1 .o 
1 . 5  

2 . 5  

3 . 5  

4.5 

7 .5  

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

ERE 

6.10E-7 

9.04E-7 

7.47E-7 

4.88E-7 

3.04E-7 

2.35E-7 

1.4lE-7 

7.16E-8 

4.54E-8 

3.22E-8 

1.62E-8 

1.10E-8 

6.20E-9 

4.40E-9 

3.38E-9 

2.72E-9 

2.27E-9 

1.94E-9 

1.69E-9 

1.50E-9 
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Figure 2.6-1 LOCATIONS OF WEATHER STATIONS NEAR S I T E  







0-3 4-6 7-10 11-16 17-21 >21 

WIND I N  KNOTS 

F igu re  2.6-4 ANNUAL WIND ROSE FOR THE 75 FOOT LEVEL 
FROM CRBRP ON-SITE METEOROLOGICAL DATA 
FOR JULY 1973 THROUGH JUNE 1974 



w WIND IN KNOTS 

Figure  2.6-5 WINTER WIND ROSE FOR THE 75 FOOT LEVEL 
FROM CRBRP ON-SITE METEOROLOGICAL DATA 



w WIND IN KNOTS 

Figure 2.6-6 SPRING WIND ROSE FOR THE 75 FOOT LEVEL 
FROM CRBRP ON-S ITE METEOROLOGICAL DATA 



0-3 4-6 7-10 11-16 17-21 >21 

WIND IN KNOTS 

F igu re  2.6-7 SUMMER WIND ROSE FOR THE 75 FOOT LEVEL 
FROM CRBRP ON-SITE METEOROLOGICAL DATA 



Ll WIND IN KNOTS 

~ i g u r e  2.6-8 F A L L  WIND ROSE FOR THE 75 FOOT LEVEL 
FROM CRBRP ON-SITE METEOROLOGICAL DATA 



0-3 4 -6  7-10 11-16 17-21 >21 

WIND IN KNOTS 

F igure  2.6-9 ANNUAL WIND ROSE FOR THE 200 FOOT LEVEL 
FROM THE CRBRP ON-SITE METEOROLOGICAL 
DATA FOR JULY 1973 THROUGH JUNE 1974 



0-3 4-6 7-10 11-16 17-21 >21 

WIND IN KNOTS 

Figure 2.6-10 WINTER WIND ROSE FOR THE 200 FOOT LEVEL FROM 
THE CRBRP ON-SITE METEOROLOGICAL DATA 



L/ WIND IN KNOTS 

F i g u r e  2 .6 -11  SPRING WIND ROSE FOR THE 2 0 0  FOOT LEVEL FROM 
THE CRBRP ON-SITE METEOROLOGICAL DATA 



0 - 3  4 - 6  7-10 11-16 17-21 >21 

WIND IN KNOTS 

Figure 2.6-12 SUMMER WIND ROSE FOR THE 200 FOOT LEVEL FROM 
THE CRBRP ON-SITE METEOROLOGICAL DATA 



0-3 4-6 7-10 11-16 17-21 >21 

WIND IN KNOTS 

Figure 2.6-13 FALL WIND ROSE FOR THE 200 FOOT LEVEL FROM 
THE CRBRP ON-SITE METEOROLOGICAL DATA 



Figure  2.6-14 TOPOGRAPHY SURROUNDING CLINCH RIVER S I T E  



Figure  2.6-15 S I T E  TOPOGRAPHIC MAP 

2.6-96 



F igu re  2.6-16 TOPOGRAPHIC PROFILE CROSS SECTIONS FROM SITE (sheet  1 o f  2) 



F i g u r e  2.6-16 TOPOGRAPHIC PROFILE CROSS SECTIONS FROM SITE (sheet  2 o f  2)  



Figure  2.6-17 TOPOGRAPHICAL CROSS SECTION INCLUDING METEOROLOGICAL TOWER 
AND CENTER OF CONTAINMENT BUILDING 
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2.7 ECOLOGY 

2.7.1 TERRESTRIAL ECOLOGY 

Ecology o f  t h e  S i t e  and a d e t a i l e d  d e s c r i p t i o n  o f  t h e  f l o r a  and fauna o f  

t he  S i t e  and the  surrounding area, a re  presented i n  t h i s  sect ion.  The 

S i te ,  which i s  s i m i l a r  t o  the  surrounding area i n  geology, s o i l  compo- 

s i  t i o n  and overs tory  vegetat ion, cons is ts  o f  most ly  f o res ted  l and  on 

shal low i n f e r t i l e  s o i l  o v e r l y i n g  shale and d o l o m i t i c  rock  formations. 

Numerous, comprehensive eco log ica l  s tud ies  have been conducted by the  

Oak Ridge Nat ional .  Laboratory (ORNL) which i s  l oca ted  nearby. Where 

appropr iate,  ORNL s tud ies  have been c i t e d  t o  supplement t he  on -s i t e  data. 

2.7.1.1 LAND USE HISTORY 

P r i o r  t o  1942, the  Oak Ridge Area was p r i m a r i l y  i nhab i ted  by a g r i c u l t u r a l  

f am i l i es .  I n  s p i t e  of genera l l y  steep slopes and shallow, r e l a t i v e l y  

i n f e r t i l e  s o i l ,  c u l t i v a t i o n  and o the r  a g r i c u l t u r a l  and f o r e s t r y  p rac t i ces  

were employed i n  the  area. These inc luded pasture f o r  beef  c a t t l e ,  

tobacco f o r  comnercial use and hay and vegetables f o r  personal and 

l i m i t e d  commercial use. These a c t i v i t i e s  r e s u l t e d  i n  minor t o  exten- 

s i v e  d is turbance o f  t h e  f o r e s t  ecosystem depending on the  a c t i v i t y .  

The t r a c t  o f  land on which the  p l a n t  w i l l  be l oca ted  was fo rmer ly  p a r t  

o f  the  Oak Ridge Reservation; however, i t  was t r a n s f e r r e d  t o  TVA i n  

March 1968 and i s  no longer  p a r t  o f  t he  Oak Ridge Reservation. Since 

t h a t  t ime, t he  rese rva t i on  area n o t  used f o r  i n d u s t r i a l  purposes has 

been managed most ly  f o r  f o r e s t  product ion and used f o r  eco log ica l  and 

b i o l o g i c a l  research. However, t he  S i t e  was marked f o r  i n d u s t r i a l  develop- 

ment and the  area cou ld  n o t  be expected t o  remain undeveloped. 

I n  1964, the  most recent  f o r e s t  management program f o r  the  area was 

s t a r t e d  t o  combat an outbreak o f  t he  southern p ine  beet le .  A t  t h a t  time, 



a l l  i n f e c t e d  t rees  were harvested. Over the  pas t  few years, t he  manage- 

ment program has harvested about f i v e  percent  of a l l  t rees  i n  the  area, 

which i s  approximately equal t o  the new growth. (2 )  The l o b l o l l y  p ine  

(Pinus -- taeda) p l a n t a t i o n s  are  being s e l e c t i v e l y  cut ,  w h i l e  a l l  the  shor t -  

l e a f  p ine  (Pinus echinata)  p lan ta t i ons  w i  11 be c l e a r  cu t .  (3)  

2.7.1.2 SOILS 

S o i l s  found on the  S i t e  a re  n o t  w e l l  s u i t e d  t o  a g r i c u l t u r a l  crops, (4) 

b u t  a re  b e t t e r  s u i t e d  t o  t h e  c u r r e n t l y  employed f o r e s t r y  p rac t i ces .  The 

s o i l s  o f  t he  S i t e  which a re  t y p i c a l  o f  the  surrounding area, ( 4 y 5 )  l i e  on 

f a i r l y  rough t e r r a i n ;  over 60 percent  o f  t he  l and  has a s lope o f  g rea te r  

than 20 percent  and over  40 percent  o f  t he  land has a s lope greater  than 

30 percent.  The s o i l  i s  genera l l y  shal low and conta ins much c h e r t  and 

smal l  rocks. Poor s u i t a b i l i t y  o f  t h e  s o i l  f o r  a g r i c u l t u r a l  purposes i s  

i l l u s t r a t e d  by i t s  h igh  pe rmeab i l i t y  and low f e r t i l i t y  (pH 4.2 t o  4.6 

and 1 ow i n  exchangeable bases n i t r a t e  and phosphate). (5) 

S o i l s  o f  t he  CRBRP S i t e  a re  q u i t e  var iab le .  S o i l  types from residuum, 

co l luv ium and a l l uv ium a re  present  throughout the  area. The major s o i l s  

found i n  the  area are  Fu l l e r ton ,  C l a r k s v i l l e ,  Upshur and Colber t .  Other 

s o i l s  t h a t  occur a re  Pope, Sequatchie, Wolf tever,  Armuchee, Ta lbo t t ,  

Roane and Waynesboro. A s o i l s  map o f  the  CRBRP S i t e  i s  presented i n  

F igure  2.7-1 and a l i s t  o f  s o i l s  i n  t he  area i s  presented i n  

Table 2.7-1. ( 4 y 6 )  General c h a r a c t e r i s t i c s  o f  the  s o i l s  a re  given i n  

t he  f o l  lowing subsections. 

2.7.1.2.1 FULLERTON SERIES 

This se r ies  cons is ts  of deep, we l l -d ra ined s o i l s  developed on broad 

rounded h i l l s  and r idges  i n  residuum weathered from che r t y  do lom i t i c  

l imestone. (6 )  Slopes range from gen t l e  t o  very steep. Where uneroded, 

F u l l e r t o n  s o i l s  have a surface s o i l  o f  yel lowish-brown s i l t  loam o r  
\ - _ 



cherty s i l t  loam and a subsoil of yellowish-red to  red clay or  cherty 

clay. Productivity i s  influenced by the amount of chert ,  slope and 
degree of erosion on th i s  s o i l .  

2.7.1.2.2 CLARKSVILLE SERIES 

Clarksville so i l s  are l igh t  colored, very deep so i l s  tha t  developed from 

residuum weathered from very cherty dolomitic 1 imestone. ( 6 )  The soi l  

mass consists of about 15 to  50 percent chert fragments--this makes the 

so i l  porous and consistently droughty. Irregular,  weakly to  moderately 
dissected hi1 1s and ridges and sometimes karst topography (many sinkholes 

present) generally describe the landscape where th i s  soi 1 i s  found. 

Clarksville so i l s  are  low in f e r t i l i t y ,  contain l i t t l e  organic matter 

and are  highly acid. Low moisture-supplying capacity and low natural 

f e r t i l i t y  make th is  s o i l ' s  response to  management s l igh t .  

2.7.1.2.3 COLBERT SERIES 

Col bert so i l s  are fine textured, very plast ic  and moderately shallow 

(20 to  25 inches deep). (6 )  They have developed on uplands from materials 

weathered from clayey limestone. The limestone i s  generally massive, 

but i s  flaggy or even shaley in some places. These soi 1s a re  we1 1 

drained externally, b u t  they contain 1 arge amounts of clay; therefore, 

water and a i r  move through them very slowly. Surface area of th is  so i l  

i s  grayish-brown clay which i s  very firm when dry and very p las t ic  when 

wet. Because th i s  soi l  i s  slowly permeable, i t  i s  subject to  sheet 

erosion and therefore requires careful management. 

2.7.1.2.4 UPSHUR SERIES 

Upshur so i l s  a re  characterized by the i r  purple color, heavy texture,  

shallowness over bedrock and neutral or s l ight ly  alkaline reaction. They 

are derived from purpl ish-red highly argi l  laceous o r  shaley 1 imestones. (6) 



The re l ie f  i s  roll ing and the so i l s  are  we1 1 drained, both externally 

and internally.  In some places they contain limestone fragments and 
they often occur in narrow elongated s t r ip s  in valleys in association 

chiefly with the Colbert and Talbott so i l s .  The surface soi l  i s  a 
purplish-brown,. f r iab le  s i l t y  clay loam and the subsoil i s  a purplish- 

red or purplish-brown, t igh t  sticky plast ic  clay or s i l t y  clay. This 

soi l  i s  highly susceptible to  accelerated erosion because of the pre- 

vailing roll ing slope. Crops are unsuited for th i s  s o i l ,  b u t  grass 

grows very we1 1 . 

2.7.1.2.5 MINOR SOILS 

The remaining so i l s  are of minor importance (cover less  area) compared 

to  the so i l s  already l i s t ed ;  however, they do need to  be mentioned. (6) 

Pope and Roane so i l s  are found in narrow s t r ips  along small streams. 

These so i l s  are occasionally flooded and are receiving sediment while 
\, most so i l s  not adjacent to  streams are  being eroded. Both so i l s  have 

slow external drainage and good internal drainage. 

Waynesboro and Wol ftever soi 1 s occupy 01 der terraces and are developed 

from deposits of stream alluvium. ( 6 )  These so i l s  are well developed b u t  

quite different .  Waynesboro so i l s ,  developed chiefly on the higher 

terraces from sandy materi a1 , are we1 1 drained (internal ly and external ly ) 
and have a moderate water-holding capacity. They are moderate to  low 

in natural f e r t i l i t y  and s l igh t  to  moderate in erodibi l i ty .  Wolftever 
so i l s  have developed from limestone and shale material, l i e  on low 

terraces and are  subject to  flooding. They have slow internal drainage, 

are low in productivity and have a s l igh t  degree of erosion. 

Sequatchie so i l s  are young in geologic age, although older than the Pope 

s o i l s .  (6) They are  well drained and f r iab le  throughout. Degree of 

erodibi l i ty  i s  s l ight  and natural productivity i s  moderate to  high. These 



so i l s  occur on lower-lying terraces than the Waynesboro and show some 
profile development. Talbott so i l s  are  similar to  the Colbert in 
character is t ics ,  b u t  are  redder and shallower to  bedrock than Colbert. 

Armuchee so i l s  are derived from shale. ( 6 )  They are well drained, have 
an acid reaction and contain shale fragments. The so i l  material ranges 
from 10 to  20 inches deep over shale. 

2.7.1.2.6 SOIL INTERPRETATIONS 

Figure 2.7-2 i s  a map showing the ranking of so i l s  according to the i r  
suscept ibi l i ty  to  erosion. (6 )  Soils i n  the s l igh t  category do not erode 
easi ly ,  while the so i l  i n  the s l ight  to  moderate category erodes more 
easily.  Moderate indicates tha t  some attention must be given to  prevent 
unnecessary soi l  erosion. Moderate to  severe indicates so i l s  that  have 
a wide range in the i r  degree of erosion depending upon steepness of 
slope, length of slope and vegetation cover. Severe indicates that  
intensive treatment and/or special equipment and methods of operation 
should be planned to minimize so i l  erosion. The potential erosion hazard 
i s  based upon slope, soi 1 depth, erodi b i  1 i ty and soi 1 -loss to1 erance. 
Generally, the so i l s  on the S i t e  are  s l igh t  and s l igh t  t o  moderate in 
the i r  degree of erosion. (7) 

Figure 2.7-3 i l l u s t r a t e s  impact potential of heavy equipment due to  so i l  
f r ag i l i t y .  (6)  The potential effect  of heavy equipment i s  rated according 
to restr ic t ions which may be needed to minimize the impact on the so i l s  

of the S i te .  Slight indicates tha t  heavy equipment will seldom be limited 

during the year. Slight to  moderate indicates some heavy equipment 

restr ic t ions may be required. A rating of moderate shows there may be 

a need for  modified or  seasonal limitation due to slope, stones, obstruc- 
t ions,  so i l  wetness, flooding or  overflow. Moderate to  severe indicates 

a possible greater need for  modification of equipment use; a severe 
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rating may require greatly restr ic ted use of heavy equipment to  reduce 
i t s  impact potential due to one or more of the above factors.  (4) 

Seed1 ing mortal i ty (revegetation capabil i t y )  rates fo r  the soi 1s on the 
CRBRP Si te  are shown i n  Figure 2.7-4. (6 )  Normal ra infa l l ,  adequate s i t e  
preparation, good planting stock, proper planting methods and appropriate 
protection and cultivation are assumed. Sl ight  indicates tha t  75 percent 
or  more of those seedlings planted will survive. A s l i gh t  to moderate 
rating indicates that  approximately 70 to  80 percent will survive; 
50 to  75 percent will survive i f  the rating i s  moderate. Approximately 
45 to  55 percent will survive i n  the moderate to  severe rating and 
less than 50 percent of the seedlings will survive i f  the rating i s  
severe. This rating provides a planning tool for regeneration. 

Figure 2.7-5 represents the natural productivity i n  a single-factor 
map. ( 6 )  A h i g h  rating means that  the so i l  i s  capable of producing high 

crop yields even without supplemental amendments. Moderate to  h i g h  

ratings require a s l igh t  degree of management to  raise  productivity to  
a high level. Moderate ratings indicate special management in the form 
of additions of 1 ime and f e r t i l i z e r  plus other types of soi 1 conservation 
measures such as erosion control or  structural improvement. Low to  
moderate ratings need very special management measures. Low natural 

productivity indicates that  the topsoil has been removed by erosion or  
there are  so many rocks and slopes are  so steep tha t  there i s  l i t t l e  
natural f e r t i  1 i ty  . The natural f e r t i  1 i ty/producti v i  ty i s  very important 

in revegetation and, to the extent practicable, i t  should be preserved 
during s i t e  preparation and construction. 

2.7.1.3 VEGETATION AND FLORA 

Vegetation on the forested CRBRP Si te  has been surveyed and permanent 
plots have been established in twelve community types as shown i n  Fig- 
ure 2.7-6, S i t e  Study Areas and Overstory Vegetation. 

\ \ 
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The r e s u l t s  o f  the  ground cover survey w i l l  be diqcussed i n  t h i s  sect ion.  

For-convenience, t he  p l a n t  communities and l i s t s  o f  species observed i n  

each community a re  discussed f i r s t .  Fol lowing t h i s ,  successional trends, 

unusual o r  r a r e  community types and p l a n t  species o f  spec ia l  importance 

w i  11 be discussed. Th is  i n fo rma t ion  summarizes the  vegeta t ive  data as 

c o l l e c t e d  t o  date. Sampling and data ana lys is  methods are  discussed i n  
, 

Sect ion 6.1. 

An inventory  f o r  the  f i ve-county  area (Anderson, Knox, Roane, Morgan 

and Loudon count ies)  shows the  occurrence o f  over 1,500 species o f  

vascular  p lan ts .  (8) The data i n d i c a t e  a r a t h e r  wide d i s t r i b u t i o n  o f  

most vascular  p l a n t s  throughout t h e  e n t i r e  area. E igh t  hundred and 

f i f t y  species o f  these p lan ts  have been found on t h e  Oak Ridge Reservation. 

2.7.1.3.1 PLANT COMMUNITIES 

The S i t e  cons is ts  most ly  o f  moderately t o  heav i l y  wooded areas. E s t i -  

mated vegetat ion cover o f  the  S i t e  i s  as fo l lows:  

Comrnuni ty Type 

Hardwood 

Pine P l a n t a t i o n  

N a t u r a l l y  Occurr ing Pine 

Cedar and Pine 

Hardwood and Cedar 

Hardwood and Pine 

Hardwood-Cedar-Pine 

Non-fores t 

Acres 
Percent o f  

S i t e  

An overs tory  vegetat ion map i s  found i n  F igure  2.7-6 w i t h  a l i s t  o f  

species i n d i c a t e d  on the  legend. A1 though the  l and  was o r i g i n a l l y  



forested, extensive c l e a r i n g  took p lace as a r e s u l t  o f  popu la t ion  s e t t l e -  

ment and c u l t i v a t i o n ;  t he  e n t i r e  S i t e  appears t o  have been logged and/or 

pastured. Since c u l t i v a t i o n  o f  the land ceased i n  1942, adequate t ime 

has elapsed f o r  na tu ra l  succession from f i e l d  t o  f o r e s t  i n  these areas. 

Between 1948 and 1954, 411 acres o f  t he  S i t e  were p lan ted  w i t h  var ious 

p ine  species.(9) This  land has been maintained as a p lan ta t i on ,  w i t h  

l i t t l e  o r  no hardwood growing there.  Elsewhere on the  S i t e  where the 

f o r e s t  l and  has remained undisturbed, succession has occurred from 

V i r g i n i a  p ine (P i  nus v i  r g i  n i  ana) and Eastern redcedar (Juni  perus 

v i r g i n i a n a )  cover ing t o  hardwood-pine-cedar fo res ts .  Even when hardwood 

becomes predominant, some p ine  remains. 

During the  survey per iod,  s i x teen  study areas represent ing  f i v e  major 

comnunity types -- hardwood, na tu ra l  pine, p ine  p lan ta t i on ,  cedar and 

hardwood cedar communities -- were se lec ted  as representa t ive  samples 

o f  communities present  on s i t e  and are shown i n  F igure  2.7-6. Conmunity 

types are  i n d i c a t e d  by l e t t e r ;  m u l t i p l e  examples o f  t he  same community 

a re  i nd i ca ted  as E, El ,  e t c .  These study areas i nc lude  s i x  hardwood 

stands (A, D y  J y  L, L ' ) ,  t h ree  natura l  p ine  stands (C, G, H), two p ine  

p lan ta t i ons  ( B ,  I ) ,  f o u r  cedar glade vegetat ion areas (E, E l ,  E , E l '  I )  

and two mixed hardwood and cedar comnunities (F, H). Study areas were 

a l s o  se lec ted  on the  basis  o f  t h e i r  p rox im i t y  t o  t he  p l a n t  s i t e ,  expected 

h igh  impact areas and the  r e l a t i v e l y  undisturbed vegetat ion, termed 

na tu ra l  areas. 

HARDWOOD COMMUNITIES 

Approximately 50 percent  o f  t h e  S i t e  area i s  covered by mixed hardwood 

fo res ts .  These f o r e s t s  a r e  f a r  from uniform. D i f f e r e n t  associat ions 

o f  the oak-hickory f o r e s t  type have developed i n  response t o  v a r i a t i o n s  

o f  slope, moisture, temperature and geologic  cond i t ions .  General l y  , 
\ 
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the  dry, mixed hardwood associat ions a re  found on the  higher slopes and 
- ridge tops. W i t h  decreasing elevations and increasing moisture 1 eve1 s 

a more 1 uxuriant mesic fo r e s t  occurs. 

Black oak (Quercus velut ina)  , chestnut oak (Quercus prinus) , s c a r l e t  
oak (Quercus coccinea) and southern red oak (Quercus f a l ca t a )  a re  the  
predominant species found in the t h i n  so i l  of the  dry rocky outcrops 
on the ridge areas (sampling areas K ,  L ,  and L '  ; Tables 2.7-2, 2.7-3 
and 2.7-4, Woody Overstory Vegetation). W i t h i n  these areas decaying 
stumps of American chestnut (Castanea dentata)  a re  found. On these dry 
ridge top s i t e s  i t  i s  presumed tha t  chestnut oak has replaced the  
American chestnut a f t e r  t ha t  species died from chestnut bl  ight .  Common 

associates a r e  white oak (Quercus a1 ba) , red oak (Quercus rubra) , sugar 
maple (Acer saccharum), red maple (Acer rubrum), mockernut hickory 
(Carya tomentosa) , pignut hickory (Carya glabra) and t u l i p  poplar 
(Liriodendron t u l  i p i  f e r a )  . These t rees  a r e  general l y  even aged, reaching 
heights of 60 t o  80 f ee t .  An upper canopy closure of about 70 percent 

allows a moderate vegetative ground cover of about 70 percent. Much of 
1 

the ground cover i s  overstory seedlings of red maple, sassafras  and 

h i  ckory . 

Small t r e e s  and shrubs inhabit  the  woody understory a s  shown i n  

Tables 2.7-5 through 2.7-22. Shrubs a r e  more abundant i n  these dry 

fo res t s  compared to  the  more mesic fo r e s t  associat ion where the  t r e e  
- canopy intercepts  more l i g h t .  Included a r e  hop hornbeam (Ostrya 

virginiana) , flowering dogwood (Cornus f l o r i da )  and Carolina buckthorn 
(Rhamnus carol i n i  anus). 

The woody and herbaceous ground cover data,  Tables 2.7-23 through 2.7-25 
show tha t  the  fo r e s t  overstory i s  reproducing, t h u s  indicating a 
generally s t ab l e  s i tua t ion  a t  present. 



Found on moist lower slopes, northern exposure or moist coves are the 

mesic mixed hardwood forests (sampling areas A ,  D ,  J ,  Tables 2.7-26, 
2.7-27 and 2.7-28). White oak and red oak are the dominant species 
associated with slippery elm (Ulmus -- rubra), red maple, black walnut 

(Jug1 ans ni gra) , American beech (Fagus grandi fol i a )  and black gum (Nyssa 

sylvati  ca) . These are f lo r i s t i ca l  ly rich areas with many spring ephemerals 
found in the herbaceous ground cover. Abundant species include Virginia 

creeper (Parthenocissus quinquefol i a )  , beggar's-tick (Desmodium sp. ) , 
greenbri a r  (Smi 1 ax sp. ) and redbud seed1 i ngs (Cerci s canadensi s ) , the 

l a t t e r  being an indicator of so i l s  of limestone origin. These forests  
have an average canopy closure of 90 percent res t r ic t ing  the number of 

shrubby species. 

NATURAL PINE AREAS 

Three natural pine areas occur on Si te  in Areas C ,  G and H. These areas 
1 1 are shown in Figure 2.7-6; data for  these areas are i n  Tables 2.7-29, 

2.7-30 and 2.7-31, respectively. Area C ,  located near the center of 

the S i t e ,  i s  dominated by shortleaf and Virginia pines. The diameter a t  

breast height (DBH) of these trees varies from 6 to  13 inches. Woody 

subordinate species incl uding white ash (Fraxinus americana) , southern 
red oak, yellow oak (Quercus muhlenbergii) , hickory, red maple, flowering 

dogwood, black cherry ( P r u n u s  serotina) and Carolina buckthorn are 

scattered throughout. Much of the ground cover in th i s  area forms 

dense mats. The most abundant species i ncl ude Japanese honeysuckle 

(Loni cera japoni ca)  , poi son ivy (Rhus radi cans) and greenbri e r  (Smi 1 ax 

spp.). Of these, honeysuckle constitutes nearly 70 percent of the to ta l  
w i t h  poison ivy and greenbrier comprising an additional two percent. 

Light intensity i s  re lat ively high in t h i s  area, compared to  the pine 

plantation, due to  a more open canopy. Consequently, a variety of 

herbaceous species are  found here incl uding ebony spl eenwort (Asp1 enium 

pl atyneuron) , Canada cinquefoi 1 (Potentel l a  canadensis), spotted 



wintergreen (Chimaphil a maculata), bedstraw (Gal ium sp. ), bush c love r  

(Lespedeza sp. ) , ra t t l esnake  p l a n t a i n  (Goodyera pubescens) , Small ' s 

ragwort (Senecio small i i ) and w i  1 d 1 e t tuce  (Lactuca spp. ) . 

Area G, loca ted  a t  the  southern t i p  o f  the  S i te ,  no r th  o f  Grubb I s l a n d  

Road, i s  predominantly composed of s h o r t - l e a f  and V i r g i n i a  p ine  w i t h  

invader speci es i n c l  udi  ng eastern redcedar and deciduous hardwoods. 

Pine species i n  t h i s  area have a DBH equal ing 6 t o  13 inches. The 

deciduous understory i n c l  udes r e d  and wh i te  oak, r e d  map1 e, redbud, 

American beech, b lack cherry, f l ower ing  dogwood, b lack  gum and Carol ina 

buckthorn. Ground cover species i nc lude  Japanese honeysuckle, poison 

i vy ,  greenbr ier ,  w i l d  grape ( V i t i s  r o t u n d i f o l  i a )  and V i r g i n i a  creeper. 

Honeysuckle comprises the greates t  percentage; however, t he  dens i ty  o f  

mat format ion i s  l ess  here than i n  Area C.  One poss ib le  explanat ion f o r  

t h i s  may be t h a t  the  age o f  Area G i s  l ess  than t h a t  o f  Area C, thus, 

having l e s s  t ime f o r  successional changes. The most abundant herbaceous 

species i n  Area G inc lude goldenrod (Sol idago sp. ) , whi te  avens (Geum 

canadense) and bedstraw. O f  these, wh i te  avens occurs most abundantly. 

Area Hy a l so  loca ted i n  t he  southern t i p  o f  t he  S i t e ,  i s  dominated by 

V i r g i n i a  and s h o r t l e a f  pine. I t  i s  a t y p i c a l  s h o r t  l e a f - V i r g i n i a  p ine  

f o r e s t  w i t h  sca t te red  openings support ing f l ower ing  dogwood, b lack  

cherry, redcedar, t u l i p  t ree ,  sweet gum and gray dogwood (Cornus racemosa). 

Understory i s  composed o f  Japanese honeysuckle, trumpet creeper (Campis 

radicans)  , poison i v y  and greenbr ier .  The most p reva len t  ground covers, 

comprising nea r l y  45 percent  o f  the  t o t a l  cover, i nc lude  honeysuckle 

and trumpet creeper. Herbaceous species i nc lude  angles tern ( A c t i  nomeris 

a1 t e r n i  f o l  i a )  , ebony sp l  eenwort, sedge (Carex sp. ) and w i l d  s t rawberry 

(Frager ia v i r q i n i a n a ) .  



PINE PLANTATIONS 

Two p i n e  p lan ta t i ons ,  which were sampled on t h e  S i t e ,  a re  l oca ted  i n  

Areas B and I as shown i n  F igure  2.7-6. Area By  a l o b l o l l y  p ine  p lan ta-  

t i o n  p lan ted  i n  1951, i s  l oca ted  i n  t he  nor thern  o n e - t h i r d  o f  t h e  S i t e ,  

ad jacent  t o  t he  abandoned t ransmiss ion 1 i ne .  Th i s  p l a n t a t i o n  i s  n e a r l y  

a pure s tand of l o b l o l l y  p ine  w i t h  few subord inate species. Area I, 

found near t he  center  o f  t he  S i t e ,  i s  dominated by w h i t e  p ine  (Pinus 

s t robus)  b u t  conta ins o the r  p i n e  species as w e l l  as hardwood sap l ings .  

The p l a n t a t i o n s  are  charac ter ized  p r i m a r i l y  by a c l a y  s o i l  t ype  w i t h  a 

r e l a t i v e l y  low pH concentrat ion.  I n  Area B, DBH averages 8 t o  14 inches 

f o r  most l o b l o l l y  pines. Many o f  t he  w h i t e  p ines i n  Area I, l i s t e d  i n  

Table 2.7-32, range i n  DBH from 1.5 t o  12.7 inches. T h e i r  annual growth 

appears t o  be 0.2 t o  0.7 inches w i t h  t e rm ina l  growth vary ing  from 6 t o  

18 inches yea r l y .  Hardwood subord inate species i n  bo th  p l a n t a t i o n s  

i nc lude  f l ower ing  dogwood, r e d  maple, persimmon (Di ospyros v i  r g i  n iana)  , 
sassafras, s h o r t l e a f  pine, l o b l o l l y  p i n e  and t u l i p  t ree ,  l i s t e d  i n  

Tables 2.7-33 through 2.7-37. Average DBH o f  these species ranges from 

1.5 t o  6.5 inches. Ground cover i n  bo th  areas i s  predominant ly Japanese 

honeysuckle, poison i v y ,  V i r g i n i a  creeper and b lackber ry  (Rubus sp.) . 
Herbaceous species a re  r e s t r i c t e d  t o  t h e  p l a n t a t i o n s  due t o  i n s u f f i c i e n t  

l i g h t i n g  r e s u l t i n g  from a c losed canopy and the  ex tens ive  growth o f  

honeysuckle. Japanese honeysuckle i n  these areas produces dense mats 

f o r b i d d i n g  adequate germinat ion o f  o the r  species. i n  areas where the  

sun penetrates and honeysuckle growth i s  minimal,  herbaceous species 

p r e v a i l .  The most comnon o f  these i n c l u d e  the  c r a n e - f l y  o r c h i d  ( T i p u l a r i a  

d i s c o l o r )  and ebony spleenwort.  Woody and herbaceous ground cover data 

f o r  t he  w h i t e  p i n e  p l a n t a t i o n  Area I are  found i n  Table 2.7-38. 

CEDAR AREAS 

One cedar community, Area E, occurs on the  S i t e  as shown i n  F igure  2.7-6. 

I 
Data f o r  Area E a re  presented i n  Table 2.7-39. Th i s  cedar glade area i s  

i, 



l oca ted i n  the  southwestern corner o f  the  S i t e .  Tree dens i t y  i s  low 

a l l ow ing  a near ly  continuous ground cover o f  grasses and forbs.  The 

dominant overs tory  species i s  eastern redcedar; the  t r e e  he igh t  ranges 

from 15 t o  25 f e e t  and the  stem diameter from 3 t o  8 inches. Few woody 

species o ther  than eastern redcedar occur; however, herbaceous vegetat ion 

i s  more d iverse.  Bare s o i l  and rock outcrops are  frequent i n  t h i s  

comnuni t y  . 

MIXED HARDWOOD-CEDAR COMMUNITY 

Community F, a re1 a t i  ve l y  young successional hardwood fo res t ,  i s  dominated 

by eastern redcedar and mixed oaks. Vegetat ion here i s  dense forming 

extensive t h i c k e t s  o f  abundant sapl ings and a sparse ground cover being 

comprised most ly  o f  Japanese honeysuckle. Area F i s  shown i n  Fig-  

u re  2.7-6; data f o r  Area F are presented i n  Table 2.7-40. 

PLANT COMMUNITIES ON THE PROPOSED AND ALTERNATE TRANSMISSION ROUTES 

Vegetat ion along t h e  proposed and a l t e r n a t e  transmission routes i s  d i s -  

cussed below; the  transmission routes a re  discussed i n  depth i n  Sec- 

t i o n  3.9. The p l a n t  comnuni t i e s  present along the  routes as we1 1 as 

acres a f f e c t e d  are  discussed below and l i s t e d  i n  Tables 2.7-41 and 2.7-42; 

t h e  d i s t i n c t  cover types (community subd iv is ions)  associated w i t h  c e r t a i n  

community types are l i s t e d  i n  Tables 2.7-43 and 2.7-44. The community 

types are  d e s c r i p t i v e  c l a s s i f i c a t i o n s  used t o  group the  f o r e s t  stands 

o f  s i m i l a r  character  regarding composition and development due t o  eco- 

1 og i  ca 1 fac tors .  2, L i s t s  o f  the  woody species t h a t  occur w i t h i n  

the  t ransmission c o r r i d o r s  may be found i n  Tables 2.7-45 and 2.7-46. 

The proposed transmission c o r r i d o r  para1 1 e l  s  t h e  e x i s t i n g  161 -kV t rans-  

mission l i n e  from the CRBRP no r th  t o  the  500-kV transmission l i n e  where 

i t  turns  east  fo l lowing t h e  500-kV c o r r i d o r  on the  south s ide  t o  the  

e x i s t i n g  161-kV Ft .  Loudoun transmission l i n e .  The a l t e r n a t e  transmission 



c o r r i d o r  runs i n  common w i t h  t h e  proposed r o u t e  f o r  1.8 m i l es  where i t  

i n t e r s e c t s  an abandoned t ransmiss ion r ight-of -way (ROW); a t  t h i s  i n t e r -  

sec t i on  the  a l t e r n a t e  r o u t e  fo l lows the  abandoned ROW t o  i t s  i n t e r s e c t i o n  

w i t h  t h e  161-kV F t .  Loudoun t ransmiss ion l i n e .  The proposed and a l t e r n a t e  

routes assume a 150-foot wide ROW and w i  11 a f f e c t  58.2 and 61.8 acres, 

r e s p e c t i v e l y  . 

P l a n t  Communities Adjacent t o  the  500-kV Transmission L ine  -- Nine over- 

s t o r y  community types and s i x  associated understory community types 

comprise t h e  9.81 acre c o r r i d o r  adjacent  t o  t he  e x i s t i n g  500-kV t rans-  

miss ion l i n e  as can be seen i n  Table 2.7-41. Several o f  these communities 

are  composed of m u l t i p l e  d i s t i n c t  cover types, as shown i n  Table 2.7-43. 

The hardwood community type covers the  m a j o r i t y  o f  the  c o r r i d o r .  About 

50 percent  of t he  overs tory  mi leage and 75 percent  o f  the  woody under- 

s t o r y  mi leage a re  o f  t h i s  deciduous type, as can be seen i n  Table 2.7-41. 

Along the  500-kV l i n e  t h e  hardwood community i s  d i v i d e d  i n t o  s i x  cover 

types. I n  t he  f o l l o w i n g  discussion, these types a r e  ranked i n  order  o f  

t h e i r  predominance w i t h i n  the  study area. 

White oak-red oak-hickory -- This type and the  nex t  l i s t e d  

cover type a re  the  most abundant hardwood cover types a long 

t h e  e x i s t i n g  500-kV l i n e .  White oak, red  oak and h i cko ry  

predominate. Common associates i nc lude  American elm 

(Ulmus americana) , winged elm (Ulmus a l a t a )  , red maple, 

b lack  walnut  (Juglans n ig ra ) ,  basswood ( T i  l i a  americana), 

sweetgum (Liquidambar s t y r a c i  f l  ua) and blackgum. This 

c l imax cover type occurs on a v a r i e t y  o f  we l l -d ra ined 

s o i l s  along the  c o r r i d o r .  

2. Red oak-mockernut hickory-sweetgum -- With the  prev ious 

type, t h i s  hardwood type covers a m a j o r i t y  o f  t he  500-kV 

1 i n e  c o r r i d o r .  Red oak, mockernut h i cko ry  (Carya tomentosa) 

and sweetgum predominate. Associates a re  wh i te  oak, 

w h i t e  ash, s l i p p e r y  elm, September elm (Ulmus s e r o t i n a )  , 



American elm, blackgum, r e d  maple, s i l v e r  maple, sugar 

maple, b lack  walnut and b lack  cherry. The type i s  sub- 

c l imax t o  c l imax and occupies mois t  s o i  1s i n  and near 

stream bottoms. 

3.  Yellow poplar-whi te oak-northern red  oak -- This cover type 

occurs commonly on mo is t  s i t e s  along t h e  500-kV t ransmiss ion 

l i n e .  On the  we t tes t  s i t e s ,  however, i t  grades i n t o  t h e  

v a r i a n t  t u l i p  poplar-whi t e  oak-bl ackgum-red map1 e type. 

Associated species are b lack  oak, hemlock (Tsuga canadensis), 

blackgum and o ther  hardwood species found i n  mois t  hab i ta t s .  

I t s  p lace  i n  succession i s  n o t  known. 

4. Sweetgum-yellow pop lar  -- I n  t h i s  cover type sweetgum and 

t u l i p  pop lar  predominate. I t  occurs on some o f  the  mois t  

lower slopes along the  500-kV l i n e .  Associated species a re  

l o b l o l l y  pine, red  maple, wh i te  ash, green ash (Fraximus 

pennsyl vani ca) and o the r  mo is t  area hardwoods. The type 
may be near cl imax w i t h i n  t h e  area. 

5. Post oak-blackjack oak -- The pos t  oak-blackjack oak cover 

type occurs i n  moderate amounts w i t h i n  the  c o r r i d o r .  The 

most common associates o f  t h i s  type a re  t h e  h i cko r ies .  

Other associates are southern red  oak, wh i te  oak, s c a r l e t  

oak (Quercus cocci nea) , b l  ackgum, b i  t t e r n u t  h ickory,  (Carya 

co rd i  formi s )  , mockernut h i cko ry  (Carya tomentosa) , red  

maple, winged elm, hackberry (Cel t i s  sp. ) , Shumard oak 

(Quercus shumardi ) , dogwood and eastern redcedar. On the 

more mo is t  s i t e s  i n  the  study area the type i s  probably 

subcl imax. 

6. S c a r l e t  oak -- Th is  cover type occurs t o  a l esse r  degree 

w i t h i n .  the  c o r r i d o r .  S c a r l e t  oak predominates, b u t  b lack  

oak and southern r e d  oak a r e  coordinate associates. On 

the  d r i e r  s i t e s  w i t h i n  t h e  study area, the  type grades i n t o  

pos t  oak-blackjack oak-black oak. Other associates are  



chestnut oak, wh i te  oak, pos t  oak, h i cko r ies ,  blackgum, 

sweetgum, sourwood, f l ower ing  dogwood, w i t h  occasional 

s h o r t l e a f  and V i r g i n i a  pines. The p lace o f  t h i s  type i n  

succession i s  n o t  c lea r ,  bu t  i t  probably approaches c l imax 

on the  d r i e r  s i t e s .  

A hardwood-natural-pine-cedar mixed community type occurs i n  overs tory  

and understory assoc ia t ions  a long about 19 percent  o f  the  e x i s t i n g  

500-kV l i n e  c o r r i d o r  as shown i n  Table 2.7-41. Eastern redcedar, shor t -  

l e a f  and V i r g i n i a  pines, r e d  and b lack oaks predominate. Associated 

species inc lude h i cko r ies ,  American elm, sweetgum, dogwood and o the r  

hardwoods. I t s  p lace  i n  succession i s  uncer ta in,  b u t  i t  i s  probably 

a temporary type which i s  succeeded by types o f  t he  oak-hickory group.. 

N a t u r a l l y  occu r r i ng  p ine  stands cover about 11 percent  o f  the  50 f o o t  

wide c o r r i d o r  adjacent  t o  t h e  e x i s t i n g  500-kV t ransmiss ion l i n e  as 

shown i n  Table 2.7-41. Th is  community type i s  d i v ided  i n t o  f o u r  na tu ra l  

p ine  cover types which occur along the  l i n e  and which a re  l i s t e d  i n  rank 

order  o f  occurrence below. 

Shor t l ea f  p i n e - V i r g i n i a  p ine  -- Th is  cover type occurs on 

about one - th i rd  o f  t he  area t h a t  i s  occupied by na tu ra l  

p ine  stands and hence covers about f o u r  percent  o f  t he  

t o t a l  area o f  t h e  500-kV c o r r i d o r .  Sho r t l ea f  p ine  and 

V i r g i n i a  p ine  are  pure o r  predominant. Associated w i t h  

these species a r e  hemlock, southern r e d  oak, b lack  oak, 

s c a r l e t  oak, wh i te  oak, pos t  dak, b lack jack  oak, blackgum, 

sweetgum, chestnut  oak and h i cko r ies .  I t  i s  found on the  

d r i e r  s i t e s  and i s  s p o t t y  i n  d i s t r i b u t i o n ,  n o t  occupying 

extensive areas. I t  i s  succeeded by s h o r t l e a f  p ine  and 

oaks. 

2. V i r g i n i a  p ine  -- Stands o f  pure o r  predominant V i r g i n i a  

p ine  cover a moderate amount o f  t he  area occupied by 

na tu ra l  l y  occu r r i ng  pines. P r i n c i p a l  assoc ia t ions  are  



s h o r t l e a f  pine, wh i te  oak, chestnut oak, southern r e d  

oak, b lack oak, sweetgum, red  maple and blackgum. L o b l o l l y  

p ine  i s  sometimes present.  V i r g i n i a  p ine  i s  a pioneer 

type t h a t  occupies dry  s i t e s .  The type i s  temporary and 

w i l l  be succeeded by s h o r t l e a f  p ine  and var ious hardwoods. 

3 .  L o b l o l l y  p ine -shor t l ea f  p ine  -- This cover type occurs 

i n f r e q u e n t l y  along the  l i n e .  L o b l o l l y  p ine  and s h o r t l e a f  

p ine  predominate, usua l l y  w i t h  such associates as sweetgum, 

blackgum, h ickor ies ,  hawthorn (Crataegus sp. ) , persimmon, 

southern red  oak and post  oak. The type i s  subclimax. 

4. L o b l o l l y  p ine  -- Stands o f  pure o r  predominant l o b l o l l y  

p ine  occur t o  a very small  degree along t h e  l i n e .  Sweet- 

gum i s  a c h a r a c t e r i s t i c  associate a long w i t h  s h o r t l e a f  

pine, southern red oak, pos t  oak and b lack jack  oak. I t  

i s  succeeded by mixtures o f  l o b l o l l y  p ine  and hardwoods. 

The type a l so  tends toward l o b l o l l y  pine-hardwood f o l l o w i n g  

c u t t i n g .  

Open community areas (areas having no overs tory  t rees )  comprise about 

e i g h t  percent o f  t he  c o r r i d o r  adjacent t o  the  500-kV transmission l i n e  

as can be seen i n  Table 2.7-41 . These areas are  charac ter ized by a 

d iverse  herbaceous ground cover and usua l l y  a re  r i c h  i n  hardwood under- 

s t o r y  species. 

The hardwood-natural p ine  community comprises near l y  f i v e  percent  o f  t he  

500-kV transmission l i n e  c o r r i d o r  as can be seen i n  Table 2.7-41. It 

occurs as two cover types. 

1. L o b l o l l y  pine-hardwood -- Th is  i s  the  most predominant o f  

t he  two hardwood-natural p ine  community cover types. 

L o b l o l l y  p ine  i s  no t  predominant b u t  i s  t h e  key t r e e  making 

up a t  l e a s t  25 percent o f  t he  stand. I t  occurs on the  

d r i e r  s i t e s  w i t h  the  associated species being southern 



red  oak, wh i te  oak (Quercus - a1 ba), post  oak, nor thern red 

oak, h ickor ies ,  s h o r t l e a f  pine, persimmon and s c a r l e t  oak. 

It i s  probably a  t r a n s i t i o n a l  type w i t h  succession toward 

the hardwoods. 

V i r g i n i a  pine-southern red oak -- Th is  type occurs t o  a  

minor ex tent  w i t h i n  the  c o r r i d o r .  V i r g i n i a  p ine  and 

southern red  oak are predominant. Among the  associated oaks 

a re  b lack  oak, s c a r l e t  oak, wh i te  oak, pos t  oak and 

b lackjack oak. Associated a l so  are  short1 eaf pine, 

blackgum and h ickor ies .  When present,  the  type occurs on 

the  dry  slopes and h i l l t o p s .  I t  i s  probably a  t r a n s i t i o n  

between V i r g i n i a  p ine  and the  hardwood cl imax. 

Over th ree percent of t he  c o r r i d o r  adjacent t o  the  e x i s t i n g  500-kV l i n e  

i s  o f  t h e  p ine  p l a n t a t i o n  community type as can be seen i n  Table 2.7-41. 

:' 1 A l l  o f  t h e  p lan ta t i ons  are composed o f  l o b l o l l y  pines and most conta in  

po le  and saw t imber s ized t rees  from 10 t o  14 inches DBH. 

The hardwood-cedar community type comprises over two percent o f  the  

co r r i do r ,  see Table 2.7-41. Eastern redcedar and several hardwoods 

i n c l  uding red and wh i te  oaks, h i cko r ies  and b lack walnut predominate. 

The associated species are  sho r t l ea f ,  l o b l o l l y  and V i r g i n i a  pine, 

hackberry, ashes, winged elm, dogwood, blackgum and o the r  hardwoods. 

This i s  thought t o  be a  temporary community which i s  probably succeeded 

by some o f  t he  types of t h e  oak-hickory group. 

The p ine  p lantat ion-cedar cornun i ty  covers j u s t  over one percent  o f  t h e  

500-kV l i n e  study area, see Table 2.7-41. L o b l o l l y  p ine  i s  the  on ly  

p l a n t a t i o n  species, al though eastern redcedar i s  l i b e r a l l y  scat te red 

w i t h i n  the  overstory.  

Natura l  pine-cedar community type comprises l ess  than one percent o f  t h e  
'\ 

\~.- -1 
500-kV l i n e  study area, see Table 2.7-41. Eastern redcedar and V i r g i n i a  



pine predominate. The associates are  numerous, but none i s  pa r t i cu la r ly  

charac te r i s t i c .  They include post oak, chestnut oak, red oak, red maple 

and dogwood. The comnunity occurs on dry t o  moderately moist s i t e s  

along the l i ne .  I t  i s  probably replaced by a pine-hardwood group. 

Plant Communities Adjacent t o  the Abandoned Transmission Line -- Nine 

overstory community types and e igh t  associated understory community types 

comprise the 23.33 acres within the two corridors along e i t h e r  s ide  of 

the abandoned transmission l i n e ,  as  can be seen i n  Table 2.7-42.. Several 

of these communities are  composed of multiple d i s t i n c t  cover types 

l i s t e d  i n  Table 2.7-44. The community types occurring along the abandoned 

l i ne  corridors are  s imilar  t o  those comprising the corridor adjacent t o  

the exis t ing 500-kV transmission l ine .  Except f o r  the pine plantation- 

cedar comnunity type, which occurs only within the 500-kV l i ne  corridor 

and the cedar comnuni ty  type, which occurs only along the abandoned 1 ine 

corridors,  reference should be made t o  the community descriptions i n  the 

previous section (Plant  Comnuni t i e s  Adjacent t o  the 500-kV Transmission 
Line) f o r  descriptions of the communities occurring along the abandoned 

1 i ne. Communities, however, occur in  d i f fe ren t  compositional degrees 

along the 500-kV and abandoned l i ne  corridors,  Tables 2.7-41 and 2.7-42, 

and consequently a br ief  discussion of each community follows. 

Natural pine cornunity type comprises the majority of the abandoned l i ne  

corridors.  Nearly 38 percent of the overstory plant  associat ions a re  

of t h i s  type as shown i n  Table 2.7-42. The community i s  characterized 

by four d i s t i n c t  cover types: shor t leaf  pine-Virginia pine, Virginia 

pine, loblol ly  pine-shortleaf pine and loblol ly  pine as shown i n  

Table 2.7-44. No natural pine type occurs i n  the  understory. 

The hardwood cornunity type i s  second in abundance only t o  the natural 

pine community. I t  covers j u s t  over 17 percent of the abandoned cor r i -  

dor as shown i n  Table 2.7-42. A hardwood understory covers over 73 per- 

cent of the corridor.  Six charac te r i s t i c  cover types of the hardwood 



comnuni t y  are:  white oak-red oak-hi ckory , red oak-mockernut hickory- 

sweetgum, t u l i p  poplar-white oak-red oak, sweetgum-tulip poplar, post 

oak-blackjack oak and s c a r l e t  oak, shown i n  Table 2.7-44. 

Open comnunity types a re  about twice as prevalent along the abandoned 

l i n e  as on the 500-kV l i n e ,  comprising over 16 percent of the corr idor ,  

see Table 2.7-42. Open community types have e i t he r  a herbaceous under- 

s tory  (non-woody), a herbaceous-hardwood understory ground cover o r  a 

seed1 ing loblol ly  pine plantation understory community type. Areas with 
no woody understory occur on over s i x  percent of the abandoned corridors 

mainly w i t h i n  the open comnunity type, b u t  a l so  to  a degree within the 

pine plantation community type. No herbaceous understory community type 

occurs along the 500-kV l ine .  

Nearly 13 percent of the abandoned 1 ine corridor i s  composed of loblol ly  

pine plantations as seen i n  Table 2.7-42. Pines i n  these plantations 

are about 50 t o  70 f e e t  high and are  from 10 t o  14 inches i n  DBH. An 
additional 3.5 percent of the corridors are  seedling loblol ly  pine plan- 

t a t ions  c lass i f i ed  as an understory comuni t y  type. 

A mixed hardwood-natural pine-cedar community type occurs on nearly 

f ive  percent of the abandoned l i n e  corridor.  I t  i s  a temporary succes- 

sional type found i n  patches of limited extent  in eastern Tennessee and 

probably southward in to  adjoining s t a t e s .  

The natural pine-cedar community comprises about four percent of the 

abandoned l i n e  corr idors .  I t  occurs qu i te  generally i n  t h i s  southern 

par t  of the Central Forest region, but wil l  probably be replaced by a 

hardwood-pine type. 

Mixed hardwood-cedar community'type occurs on about 3.4 percent of the 

area within the abandoned l i n e  corridor.  



Hardwood-natural p ine  mixed community-type comprises over two percent  of 

the  abandoned l i n e  co r r i do r .  The community i s  d i v ided  i n t o  two d i s t i n c t  

cover types which are  l o b l o l l y  pine-hardwood and V i r g i n i a  pine-southern 

red oak shown i n  Table 2.7-43. 

A pure eastern redcedar glade occurs on about 1.5 percent o f  t he  abandoned 

l i n e  c o r r i d o r  b u t  does n o t  occur along the  500-kV l i n e  c o r r i d o r  as 

shown i n  Table 2.7-44. Eastern redcedar and p ine  seedl ings comprise 

the  understory vegetat ion. Th is  i s  a temporary type and i s  succeeded 

by various hardwood types. 

2.7.1.3.2 SUCCESSIONAL TRENDS 

Po ten t ia l  na tu ra l  vegetat ion o f  t he  C l inch River  reg ion i n c l u d i n g  the  

CRBRP S i t e  i s  Appalachian oak f o r e s t  ( I 3 )  as best  il l u s t r a t e d  by communi ty 

types A, D, K and L. Given s u f f i c i e n t  time, d is turbed areas w i l l  tend 

toward these comuni  ty types even though s i t e  cond i t ions  such as shal low 

s o i l  and topographic p o s i t i o n  may prevent development o f  such oak 
3 

fo res ts .  The degree o f  disturbance subst ra te  and a v a i l a b l e  seed sources 

l a r g e l y  con t ro l  the r a t e  o f  successional changes i n  a g iven region. 

Successional changes invo lve  gradual replacement o f  e a r l y  successional 

species by those ab le  t o  to1  e ra te  the  environmental cond i t ions  r e s u l t i n g  

from t h e i r  presence. When the  e x i s t i n g  species successfu l ly  reproduce 

i n  such condi t ions,  the community i s  termed c l imax whether o r  n o t  i t s  

composition corresponds t o  the  p o t e n t i a l  reg iona l  vegetat ion. Ridgetops, 

by v i r t u e  o f  shal low rocky s o i l  and the  tendency o f  n u t r i e n t s  t o  move 

downslope, w i l l  have slower ra tes  o f  succession than v a l l e y  f l o o r s  which 

tend t o  have deep so i  1s and n u t r i e n t  enrkhment from upslope. The cedar 

glades occur on shal low s o i l  developed from shale o r  s i l t s t o n e  and 

appear t o  be a cl imax community as a r e s u l t  o f  shallow, droughty so i  1 

cond i t ions  . 



Successional pine communities such as Area H will develop into pine 

forests ,  as Area C ,  with a hardwood understory and eventually into oak 

forests .  Pines and eastern redcedar may successfully reproduce on ridge- 

tops in the climax community. Area F ,  a young oak forest ,  will eventually 

develop into a mature oak forest  as in Area D.  Shortleaf, Virginia and 

lob101 ly pine plantations wi 11 rapidly change to  hardwood pine comuni- 

t i e s  and more slowly to  hardwood communities. White pine plantations, 

as a resul t  of low l igh t  intensi t ies  beneath the canopy, will more 

gradually go through the same sequence of changes. Data in Tables 2.7-32 
through 2.7-38 support these successional sequences. 

2.7.1.3.3 UNIQUE VEGETATION AREAS 

Unique vegetation areas within ten miles of the Clinch River S i te  include 

the University of Tennessee Arboretum near Oak Ridge, a nearly pure 
- 

1 )  
stand of sassafras near the Dosimetry Appl ication Research Faci 1 i ty  

\ Reactor (DOSAR) a t  X-10 and a stand of eastern redcedar near the Uni- 
versi ty of Tennessee Agricultural Farm. (9 

Jones Island, located a t  Clinch River Mile (CRM) 20 approximately two 

miles upstream from the Si te ,  has a total  of 40 acres being used for  

genetic studies and breeding and physiology projects associated with 

plants. Research includes pollination and seedling plant studies.  (9) 

Each "natural area" on S i t e ,  as shown in Figure 2.7-6, was examined 

working from the definition of a natural area as any climax community 

that  i s  ecologically unusual in terms of extent or occurrence. 

The formerly designated natural area (Type 26 in Figure 2.7-6) on the 

peninsula i n  the northwest corner of the S i t e  contained extensive dis- 

turbance in the center of the community from past cultivation and a 

copious growth of Japanese honeysuckle, a non-native vine species. The 

) dominant species incl ude sycamore (Platanus occidental i s ) ,  American Elm 
, '_ , 



and Boxel der (Acer negundo) with wi 1 low (Sal ix  n i  gra) and cottonwood 
(Populus deltoides) adjoining the intermittently flooded borders of the 
peninsula. Because such areas are  quite common in the region and because 
of the disturbed nature of the community, removal from the s tatus  of 
"natural area" i s  warranted. 

Area A ,  as shown in Figure 2.7-6, the red oak-tulip poplar-white oak 
natural area, qual i f ies  as a natural area only in part .  The southern 
portion i s  of such quality that  i t  deserves designation as a natural 
area; however, the narrow, northern neck of the community does not 
deserve to  be called a natural area due to  cutting disturbances and 
influences of neighboring communities. The cedar glade found in Area E 

i s  a cl imax comnuni ty of cedar with overstory species reaching heights 
of 30 to  40 fee t .  Regionally th is  community i s  re lat ively uncommon and 
deserves the natural area designation. 

The old growth beech-maple and beech-mixed oak areas (Areas L and L ' ,  

Figure 2.7-6) represent a cl imax community of par t icular ly good qua1 i ty. 
This community has reached i t s  self-perpetuating stage of succession and 
i s  in equilibrium with the habitat .  This area might well be expanded 
to incl ude adjacent portions of Area K--particularly the northfacing 

slope in the northeastern portion of K.' The community (Area L )  i s  so 
narrow that  i t s  dis t inct ive f lora  may well be jeopardized unless the 
comnuni ty upslope (Area K )  remains undisturbed. Area L contains many 
uncomnon spring ephemeral plant species tha t  require cool, humid 
environmental conditions. Removal of trees i n  Area K and the logging 
roads required for  such removal would increase erosion downs1 ope, increase 
temperatures and l igh t  in tens i t ies  and decrease humidity, endangering 
survival of the spring ephemerals. Preservation of p o ~ t i o n s  of Area K 

- i s  desirable to maintain the unique character of Areas L and L ' .  The 
desired protection can be afforded Areas L and L '  by the establishment 
of a 500-foot buffer zone surrounding those areas. 



2.7.1 .3.4 PLANT SPECIES OF SPECIAL IMPORTANCE 

I n  a phenological study o f  225 species o f  vascular p l a n t s  i n  the  Oak 

Ridge area, Tay lor  c l a s s i f i e d  18 o f  t h e  species as considered rare, o f  

specia l  i n t e r e s t ,  o r  o f  l i m i t e d  d i s t r i b u t i o n  w i t h i n  t h e  Oak Ridge 

~ e s e r v a t i o n .  (14) Re la t i ve  abundance o f  the  p lan ts  i n  t h i s  study i s  l i s t e d  

as common, frequent,  occasional and rare.  One o f  those species i d e n t i -  

f i e d  by Taylor  as occur r ing  occas iona l ly  w i t h i n  the  Oak Ridge Reservation 

i s  found on the  S i te .  The hoary puccoon (Lithospermum canescens) occurs 

on the  S i t e  i n  abundance along Grubb I s l a n d  Road on the  boundary o f  

Area 35. A search f o r  add i t i ona l  populat ions o f  t h i s  species i s  being 

con ti nued . 

To date, on l y  one species which might  be categor ized as r a r e  o r  endangered 

has been c o l l e c t e d  and t e n t a t i v e l y  i d e n t i f i e d  as b lack  snakeroot 

\' 

(Cimi c i  fuga r u b i  f o l  i a), former ly  described as C i m i  c i  fuga ameri cana var. 

c o r d i f o l i a .  The known species'  range i s  i nd i ca ted  i n  F igure 2.7-7. 

Black snakeroot was found on s i t e  i n  Area L, shown i n  Figure 2.7-6, a t  

t h e  base of t he  northwest fac ing  s lope where the  s lope breaks i n t o  the  

small f l o o d  p l a i n  o f  Grassy Creek. ( I 5 )  S i t e  requirements o f  t h i s  species 

are  calcareous s o i l s  o f  mesic s i t e s  t h a t  have undergone minimal mod i f i -  

ca t ion .  I t  i s  q u i t e  suscept ib le  t o  disturbance as evidenced by i t s  

absence i n  successional f i e l d s  i n  t h e  same area. 

2.7.1.4 WILDLIFE 

A v a r i e t y  o f  vegeta t ive  communities, p r i m a r i l y  woodland, on the  S i t e  

provide va r ied  h a b i t a t  f o r  many w i  1 d l  i f e  species. Many communi t i e s  

found on the S i t e  are t y p i c a l  o f  eastern Tennessee, an area r i c h  i n  

f l o r a  and fauna. Sampling methods are discussed i n  Sect ion 6.1. 



Mama1 s  , av i  fauna, herpetofauna, inver tebra tes  and unique, threatened 

o r  endangered species are considered i n  t h i s  sect ion.  S c i e n t i f i c  names 

o f  a l l  species no t  i nd i ca ted  i n  the  t e x t  a re  inc luded i n  Tables 2.7-47 

through 2.7-59. 

2.7.1.4.1 MAMMALS 

Each o f  t h e  d iverse h a b i t a t s  found on the  S i t e  i s  u t i l i z e d  by a  number 

o f  mammalian species. Mammal d i s t r i b u t i o n  and abundance on the  S i t e  are 

a f fec ted  by s o i l ,  topography, vegetat ion and the  presence o f  water. 

The greates t  d i v e r s i t y  o f  species occurs i n  the  mixed hardwoods and 

hardwood-cedar-pine assoc ia t ion  whi 1  e  t h e  lowest d i v e r s i t y  occurs i n  

t h e  p ine  p lan ta t i ons  . 

Studies completed by ORNL i n  t h e  Oak Ridge area and p a r t i c u l a r l y  i n  the  

Me1 ton  Val l e y  area can be u t i  1  i z e d  t o  charac ter ize  the  mammal species 

o f  t h e  S i t e .  ( l 6 ' '  7, While the  Me1 ton  Val l e y  area i s  n o t  w i t h i n  the  S i t e  

boundaries, the  c lose p rox im i t y  o f  t h i s  area ( f o u r  t o  seven m i l e s )  and 

t h e  s i m i l a r i t y  o f  h a b i t a t  permi ts  t h e  u t i l i z a t i o n  o f  data f o r  charac ter i -  

zat ion.  I n  add i t ion ,  qua1 i t a t i v e  i nves t iga t i ons  o f  mammals are  c u r r e n t l y  

being conducted on S i t e  as w e l l  as q u a n t i t a t i v e  ana lys is  o f  small 

mammals, shown i n  Table 2.7-47. Table 2.7-48 i s  a  compi lat ion o f  data 

from these several sources. 

B i g  game -- Whi t e - t a i  l e d  deer (Odocoi leus v i rg in ianus )  are  the  on ly  b i g  

game animals commonly occur r ing  on the  S i te .  A1 though t h i s  animal i s  

t he  most important  b i g  game mammal o f  eastern Un i ted  States i t  should 

be noted t h a t  hunt ing  i s  n o t  permi t ted  on the  S i te .  Deer occur through- 

o u t  the  area (based on 1974 v isua l  s igh t i ngs  and t racks) .  They p r e f e r  

t h e  hardwood-pine fo res ts  and ecotones such as the  overgrown abandoned 

transmission l i n e  which provides p re fe r red  browse. Wi th in  i t s  home 

range, usua l l y  one t o  two square mi les,  t he  deer feeds on twigs, shrubs, 

fungi ,  acorns, grass and herbs. 



This  area i s  probably outs ide  t h e  range o f  t he  b lack  bear (Ursus 

americanus) which occurs i n  the  mountainous areas o f  extreme eastern 

Tennessee. The lack  o f  s igh t i ngs  o r  observat ions suggests t h a t  t he  

species does no t  occur on the  S i t e .  

Small game -- Two o f  t he  most . important  small game species occur r ing  

on the  S i t e  are  t h e  eastern c o t t o n t a i l  (Sy lv i lagus f l o r i danus )  and the  

eastern gray s q u i r r e l  (Sci urus ca ro l  inens is ) .  O f  t h e  two species, t h e  

s q u i r r e l  i s  more abundant. Cot ton ta i  1 s occur throughout the  ~i t e  ' b u t  

p r i m a r i l y  near o l d  f i e l d s ,  open areas ( t ransmission l i n e s )  and edge 

areas. Foods o f  t he  c o t t o n t a i l  inc lude green vegetat ion i n  sumner and 

bark and twigs i n  the  w in ter .  Gray s q u i r r e l s  a re  found i n  more mature 

deciduous woodland areas where they feed on nuts, acorns and seeds. 

Furbearers -- This general category may be broken down i n t o  th ree 

, -. groups: predators, omnivores and aquat ic  species. 
" ?, 

The red and gray fox  (Vulpes f u l v a  and Urocyon cinereoargenteus, 

respec t i ve l y )  are the  most common predators on the  S i t e .  Based on data 

from nearby areas, i t  i s  expected t h a t  t he  red f o x  popu la t ion  dens i ty  i s  

l a r g e r  than t h a t  o f  t h e  gray fox.  6, Both species occur throughout 

the  S i te .  A1 though bobcats may occur on the  S i te ,  t h e i r  presence has 

n o t  been recen t l y  documented and no pr imary o r  secondary i n d i c a t i o n s  o f  

t h e i r  occurrence have been thus f a r  observed. The foods o f  these 

mamnals a re  p r i m a r i l y  small animals, al though foxes may inges t  o ther  

items such as insects,  f r u i t s  o r  eggs. 

Opossum (Didel  ph is  marsupial i s ) ,  raccoon (Procyon l o t o r )  and s t r i p e d  . , 

skunk (Mephit is meph i t i s )  a re  omnivores common t o  t h e  S i t e  which are  

o f ten  found near water b u t  may a l s o  roam throughout wooded areas. 

Presence o f  the  raccoon was documented by s i t i n g s  dur ing  recent  surveys. 

Spotted skunks may a l so  occur i n  hab i ta t s  s i m i l a r  t o  those on the  S i t e .  (18) 

They p r e f e r  brush h a b i t a t  and edge areas along stream banks and r i v e r s .  



Aquatic species such as muskrat (Ondatra z i  be th ica)  and mink (Mustela 

v ison)  occur along the  C l i nch  River.  Muskrats have genera l ly  been found 

t o  be more numerous than mink.(16) Food u t i l i z e d  by t h e  muskrat i s  p r i -  

m a r i l y  aquat ic  vegetat ion, w h i l e  the  carnivorous mink ea t  both aquat ic  

and shore l ine  animals. Muskrats are  inc luded among the  prey o f  t he  

mink. 

Small mammals -- Small mammals on the  S i t e  may be d i v ided  i n t o  two 

groups, i n s e c t  eaters and rodents. 

The s h o r t - t a i  l e d  shrew (Bl  a r i n a  brevicauda) i s  the  most common insect -  

ivorous mammal occur r ing  throughout the  major h a b i t a t  types. Th is  

species was captured i n  the  hardwood and coniferous fo res ts  i n  Study 

Areas K and C, respect ive ly ,  shown i n  Figure 2.7-6. It was reported t o  

occur i n  l a r g e  numbers i n  nearby areas as w e l l .  ( I 6 )  The smoky shrew 

(Sorex fumeus), southeastern shrew (Sorex l o n g i r o s t r i s )  and eastern mole 

(Scalopus aquaticus) a re  o the r  i nsec t i vo res  which may occur on the  S i te ;  

however, no ac tua l  s i t i n g s  were made o f  these species. 

Woodchucks (Marmota monax) are the l a r g e s t  rodents on S i t e .  This species 

feeds on herbaceous vegetat ion and burrows i n  wooded areas o r  near road 

shoulders o r  openings. 

The eastern chipmunk (Tamias s t r i a t u s )  was a l so  observed dur ing  cu r ren t  

S i t e  surveys. Th is  small omnivore i n h a b i t s  deciduous hardwood fo res ts  

and brushy areas. 

Small rodents most comnonly occur r ing  on the  S i t e  are  the  whi te- footed 

(Peromyscus 1 eucopus ) and the  golden mouse (Peromyscus n u t t a l l  i ) . White- 

footed mice p r e f e r  wooded o r  brushy areas wh i l e  golden mice favor  the  

fo res t ,  p a r t i c u l a r l y  areas w i t h  honeysuckle growth. Dur ing l a t e  w in te r  

and sp r ing  1974 surveys, f i v e  whi te- footed mice were captured i n  Study 

Area K, one i n  t h e  c o n i f e r  f o r e s t  i n  Study Area G and two i n  the  c o n i f e r  



forest  in Area I ,  as can be seen in Figure 2.7-6. During the same survey 
period one golden mouse was captured on each of the conifer forest  study 

areas H y  G and I .  The only preliminary population estimation made for  

th is  survey period was 2.33 white-footed mice per acre for Study Area K .  

Additional data are currently being collected to  estimate the populations 

on the remaining study areas. The f i r s t  two S i t e  surveys fo r  1974 

represent a total  of 1,000 live-trap nights and 450 snap-trap nights. 

Other small rodents which may occur on the S i t e  include the eastern 

harvest mouse, r ice  r a t ,  hispid cotton r a t ,  pine vole, Norway r a t  and 

house mouse. 

Other Mammals -- Several bat species, l i s t ed  in Table 2.7-48, may occur 

on the S i te .  Studies are currently under way to  determine the i r .  presence. 

2.7.1.4.2 AVIFAUNA 

The Cl inch River S i t e  provides excellent habitat  for  many avifauna 

species(19) as shown by two surveys conducted in March and May, 1974. 

Both surveys were directed toward locating the greatest  population 

densities and species diversification within the s i t e  border. Eleven 

major habitat types, shown i n  Figure 2.7-6, were surveyed c r i t i c a l l y ,  

while general observations were made on areas other than the above. All 

avifauna species observed during both surveys a re  l i s t ed  in Table 2.7-49 

To supplement th i s  l i s t ,  a total  l i s t  of avifauna species adapted from 

a previous l i s t  prepared by ORNL for  the Oak Ridge Reservation appears 

in Table 2.7-50. (20)  Many of the species l i s t ed  there correlate with 

those in Tab1 e 2.7-49, the major exception being waterfowl. I t  i s  

expected that  continuing surveys will provide additional waterfowl data 

which will more closely correlate with the ORNL l i s t .  Additional studies 

completed for ORNL provide information pertaining to  avifauna species 

present on the Oak Ridge Area. (21,221 



Upland Game B i rds  -- Four species o f  up1 and game b i r d s  were found on 

S i te .  The most p re fe r red  h a b i t a t  f o r  these i n d i v i d u a l s  appeared t o  be 

mixed oak woods and borders o f  o l d  f i e l d s  and woodlots. 

Bobwhite q u a i l  (Col inus v i rg in ianus ) ,  a popular game b i r d  i n  the  south- 

east, i s  the  most abundant upland game species throughout the  S i t e .  

Bobwhite p r e f e r  brushy f i e l d s ,  abandoned farms and open p ine  woods. 

They e a t  a var ied  d i e t  o f  leaves, buds, f r u i t s ,  seeds, insec ts  and 

sna i ls .  Many i n d i v i d u a l s  were observed i n  open f i e l d s  and brushy 

hab i ta t .  

Ruffed grouse (Bonasa umbellus), a woodland gamebird, was found t o  occur 

throughout the  mixed oak woods. Grouse p r e f e r  hardwood and brushy cover, 

using con i fe rs  i n  w in te r  and abandoned f i e l d s  and orchards through the  

remainder o f  t he  year.  The a d u l t ' s  d i e t  i s  almost exc lus i ve l y  vege- 

ta r i an ,  cons is t i ng  o f  f r u i t s ,  leaves and buds. 

Many mourning doves (Zenaidura macroura) were observed i n  f l i g h t  through- 

o u t  t he  S i t e  area. Th is  migra tory  game b i r d  i s  espec ia l l y  important  

i n  the  southern Uni ted States. It forages i n  f i e l d s ,  orchards and 

open areas, feeding p r i m a r i l y  on weed seeds and waste gra in .  

The American woodcock (Phi l ohe la  minor)  i s  a common upland game b i r d  i n  

the  eastern Un i ted  States. I t  prefers wooded swamps, a l d e r  t h i c k e t s  and 

moist  bottomlands. Earthworms c o n s t i t u t e  the  major p o r t i o n  o f  i t s  d i e t .  

Males u t i  1 i z e  grassy openings f o r  sp r ing  cour tsh ip  displays. I nd i v idua ls  

were found abundantly along borders o f  wet f i e l d s  and woodlots dur ing  

the  May survey. 

Waterfowl -- Few waterfowl species were found on S i te .  A l l  species 

encountered were observed along the  C l inch River .  This r i v e r  system i s  

u t i l i z e d  by waterfowl dur ing  migra tory  per iods o f  e a r l y  sp r ing  and l a t e  

f a l l  . 



The Canada goose (Branta canadensis), the most widely distributed of 
North American waterfowl, i s  a winter v i s i to r  throughout much of the 
United States.  Migrating birds r e s t  and feed on marsh vegetation, or  
graze on young plants and waste grain in nearby f ie lds .  The flock uses 
the Clinch River as a travel corridor and most l ikely will cross the 
CRBRP S i t e  near the reactor building. (23) Two individuals were observed 
on the Clinch River during the May survey. 

A common waterfowl resident of freshwater lakes and ponds is the American 
coot (Fulica americana). They construct t he i r  nests in reeds and 
gather a d i e t  of aquatic vegetation, insects,  sna i l s ,  tadpoles and small 
f i sh .  Four coots were observed on the Clinch River. 

Wood ducks (Aix sponsa), a common resident of the eastern United States,  
were found to be the most abundant waterfowl species on the Si te .  They 
nest in t ree  cavities near wooded r iver  bottoms or forested stream banks. . 

> 
/ Wood ducks ea t  acorns, aquatic vegetation, dogwood f r u i t s  and other plant 

parts gathered i n  the water and woodlots. 

Raptorial Birds -- Among the raptorial birds, the most commonly observed 
species include the black and turkey vultures (Coragyps atratus  and 

Cathartes aura, respectively). Both species are  proficient in catching 
thermal updrafts and soaring for  miles in search of carrion, t he i r  
primary food source. Although common on S i t e ,  the black vulture i s  
generally restr ic ted to  more southern areas of the United States.  Many 

individuals of both species were observed i n  f l i gh t  over a l l  vegetation 
types. 

Another common raptor of eastern North America, the red-shouldered hawk 

(Buteo l inea tus) ,  nests in moist woodlands and feeds i n  forests  and edge 
areas. Small rodents, insects,  songbirds and amphibians comprise most 
of i t s  prey. Both species, the red-tailed (Buteo jamaicensis) and red- 

,shouldered, were observed in f l i g h t  over f ie lds  and mixed oak woods. 



Broad-winged hawks (Buteo p l  a typ terus)  are a1 so common throughout the  

eastern Uni ted States. This species i s  the  smal lest  o f  t he  soar ing 

hawks present on S i t e .  It genera l ly  hunts from a perch, captur ing  and 

ea t ing  small rodents, insects,  amphibians and r e p t i l e s .  This species 

was observed i n  f l i g h t  along the  C l inch R iver  and borders o f  o l d  f i e l d s  

and transmission l i n e s .  

The American osprey (Pandion ha1 iae tus )  was observed a1 ong t h e  C l  i nch  

R iver  on May 4, 1974. I t s  d i e t  i s  l a r g e l y  composed o f  f i s h .  Much o f  

i t s  morphological anatomy i s  adapted t o  grasping, ca r ry ing  and ea t ing  

f i s h .  The nest  i s  a bulky s t r u c t u r e  made o f  s t i c k s  and o f t e n  constructed 

i n  dead t rees.  I n  recent  years, p e s t i c i d e  accumulations throughout the 

foodchain have been the  s i n g l e  most important  f a c t o r  f o r  i t s  decreasing 

popul a t i cn .  

Cooper's hawk (Acc ip i  t e r  c o o p e r i i  ) i s  an uncommon " b i r d  hawk" o f  open 

woodlands and wood margins. It i s  a s w i f t  f l i e r  and feeds on game b i rds ,  

songbirds and small rodents. Several were observed i n  f l i g h t  over mixed 

oak wood1 o ts  . 

I n  many areas, sharp-shinned hawks ( A c c i p i t e r  s t r i a t u s )  a re  more commonly 

observed than the  Cooper's. They hunt i n  open woodlots and edge areas. 

These hawks k i l l  and ea t  a v a r i e t y  o f  small songbirds up t o  the  s i z e  of 

pigeons and occas iona l ly  take mice and insec ts .  They were observed i n  

f l i g h t  over mixed oak woods. 

A 1 arge raptor ,  t he  great  horned owl (Bubo v i  r g i  n i  anus), i s  common i n  

fo res ts  and woodlots, espec ia l l y  near farmlands. It searches a t  n i g h t  

f o r  i t s  prey, which inc lude c o t t o n t a i l  rabb i t s ,  skunks, ra t s ,  o ther  

small mammals and insects.  A s i n g l e  i n d i v i d u a l  was heard c a l l i n g  i n  a 

m i  xed oak woodlot hab i ta t .  



Barred owls (Str ix  varia) are  residents of dense woodlands, swamps and 
river bottoms. They nest in t ree  cavities or appropriate abandoned nests 
of other large bird species. These owls h u n t  a t  night for  mice, frogs, 
l izards and insects. One individual was heard call ing along an edge 
area of an old f i e ld  and woodlot. 

The Screech owl (Otus asio) i s  a small species found in woodlots, 

orchards and towns. I t  feeds extensively on insects and occasionally 
eats  mice, crawfish, amphibians and small f i sh .  Several individuals 
were heard cal l  ing a f t e r  dark a1 ong borders of wooded areas and old 
f ie lds .  

Of the eleven major habitat  types (vegetation types),  the one occupied 
by the most avifauna species (64 species) appeared t o  be a mixed oak 
forest  association (Locations A,  D ,  F, J ,  K;  Figure 2.7-6 and 
Table 2.7-51). Areas such as these are  predominantly composed of white j 
and red oak, American beech, hickory and maple species and show much 
s t r a t i f i ca t ion  with many suppressed and intermediate saplings. These 
varied habitats provide excel lent  cover fo r  many avian species. 

Wood warblers (Dendroica spp.) appear to  be most abundant in the t ree  
tops with thrushes (Hylocichla spp. ) occupying the lower vegetation 
zones and forest  f loor.  Of the warblers, the bay-breasted (L castanea), 
Kentucky (Oporornis formosus) , hooded (Wilsonia ci t r ina )  and magnol ia  

(!L magnolia) appeared most abundant, while, in the case of the thrushes, 
the wood (L mustelina) and Swainson (L ustulata)  were most abundant. 
Other species commonly observed here are  l i s t ed  in Table 2.7-50. 

Border areas (fie1 ds or  transmission 1 ines adjacent to  woodlots) appeared 
to  be the second most preferred habitat  for  avifauna. Preference for  

these areas appears to  be only s l ight ly  lower than areas within the 
mixed oak woods (s ix  species as compared to  f ive ) .  The most abundant 



species i n  these areas include: the  Carol ina wren (Thryothorus 

1 udovicianus) , Caro l ina  chickadee (Parus caro l  inens is ) ,  i nd igo  bunt ing  

(Passerina cyanea) , t u f t e d  t i tmouse (Parus b i c o l o r )  and rufous-sided towhee 

(Pi  p i  l o  erthrophthalmus). I n  areas conta in ing  c o n i f e r  species, t he  

most abundant avi fauna species appeared t o  be t h e  p ine  (Dendroica p inus) ,  

p r a i r i e  (D. - d i s c o l o r )  and magnolia (L magnolia) warblers. A l l  avi fauna 

species found a long such borders are  inc luded i n  Table 2.7-52. 

The t h i r d  most p re fe r red  h a b i t a t  f o r  avi fauna was o l d  f i e l d s  and open 

areas (Locat ions G and H; F igure 2.7-6). Here, t he  numbers o f  species 

were found t o  be r e l a t i v e l y  low. Most o f  the  commonly observed species 

found i n  open f i e l d s  inc lude the  song (Melospiza melodia), a f i e l d  

( S p i z e l l  a pus i  1 l a )  and chipping (L passer ina)  sparrows, red-winged 

b l a c k b i r d  (Age1 a i  us phoeni ceus) and ind igo  bunting. A complete 1 i s t  o f  

a l l  avi fauna observed i n  these areas appears i n  Table 2.7-53. 

Cover types associated w i t h  aquat ic  h a b i t a t s  comprised a f o u r t h  major 

avian community (30 species).  Here, the  ye1 lowthroat  (Geothlypis t r i c h a s )  , 
ye1 low-breasted chat  ( I c t e r i  a v i  rens) , Carol i n a  wren, whi te-eyed v i r e o  

(Vi reo gr iseus)  , red-winged b l  ackbi r d  and song sparrows were most 

commonly observed. These species are  l i s t e d  i n  Table 2.7-54. 

Pure c o n i f e r  and predominantly c o n i f e r  areas were l e a s t  p re fe r red  by 

avifauna (Locat ions E, G, H, I, L; Figure 2.7-6). The number o f  avi fauna 

species (19) i n  these areas were extremely low. Even when surveyed 

dur ing  e a r l y  morning hours (a pe r iod  when song and c a l l  i s  usua l l y  maxi- 

mum) few i n d i v i d u a l s  could be heard. Here, t he  most common species 

appeared t o  be the  p ine  warbler  and t h e  whi te- throated sparrow 

(Zonot r ich ia  a l b i c o l l i s )  as can be seen i n  Table 2.7-55. 

The most commonly observed avian species on t h e  S i t e  are inc luded i n  

Table 2.7-56. 



- - 

2.7.1 .4.3 HERPETOFAUNA 

The Si te  provides a rich and varied habitat  for  many herpt i le  species 
present throughout the Oak Ridge area. Rocky ledges, honeysuckle 
thickets,  small ponds and intermittent streams, present on S i t e ,  are  
preferred habitats for  such animals. (24,251 

Herpetofauna were surveyed on the S i t e  in mid-May using ca l l s  and f i e ld  
collections. Collections were made in eleven of twelve vegetation types 
sampled, shown in Figure 2.7-6, t o  characterize the species common to 

each vegetation type. Relative abundance of a l l  species observed i s  
indicated i n  Table 2.7-57. General observations and collections were 
made on a l l  areas other than the above including: ponds, intermittent 
streambanks, roadsides, f ie lds  and ecotones between vegetation types. 

A majority of herpti l e  species show a home range preference to  mixed 

' 1 oak forest  associations. Here vegetative s t r a t i f i ca t ion  and djversity 

of plant species provide a variety of herpetofaunal habitats.  Ponds, 
streams and creekbanks contain the greatest  variety and density of frogs 
(Rana spp. and Hyl a crucifer)  , whi 1 e moist ravines were most preferred 
by salamanders (Plethodon glutinosus). A small pond south of Area D, 

shown in Figure 2.7-6, contained ten green frogs (Rana clami tans) ,  one 
pickerel frog (Rana pal u s t r i s )  and one spring peeper (Hyla crucifer) .  

The second most preferred habitat  type appears to  be roadsides and old 
f ie lds .  Here the diversity of species appears greatest  on warm, sunny 
days. The most abundant species in th i s  habitat  was the eastern fence 
1 i zard (Sceloporous undul a tus) .  

In contrast t o  the above vegetation types, predominantly pine or pine- 
cedar habitats contain the fewest herpti 1 e species. The only herpti l e  



species c o l l e c t e d  o r  observed here was the  b lack race r  (Coluber 

c o n s t r i c t o r ) .  Other species observed on the  reservat ion  by ORNL groups 

up t o  1964 and p o t e n t i a l l y  occur r ing  on t h e  S i t e  a re  l i s t e d  i n  

Table 2.7-58. (26 

2.7.1 .4.4 INVERTEBRATES 

A l i s t  o f  f o r e s t  inver tebra tes  i d e n t i f i e d  on the  Oak Ridge Reservat ion 

appears i n  Table 2.7-59. (27) While those species may n o t  have been 

s p e c i f i c a l l y  i d e n t i f i e d  on the  C l inch River  S i te ,  t h i s  l i s t  i s  repre- 

sen ta t i ve  o f  species located there. No d e t a i l e d  s tud ies  o f  i nve r teb ra te  

fauna are being undertaken on the  S i t e  because ORNL data pr'ovide adequate 

charac ter iza t ion .  (27) 

T e r r e s t r i a l  inver tebra tes  con t r i bu te  t o  t h e  func t i on ing  o f  t e r r e s t r i a l  

ecosystems. Insects f o r  example provide benef i  c ia1  as we1 1  as detr imental  

e f f e c t s  on any ecosystem. As a  bene f i t ,  they prov ide  food f o r  h igher  

t r o p h i  c  1  evels and a s s i s t  w i t h  organic decomposition and mineral re1 ease. 
1 

Detr imental ly ,  insec ts  consume vegetat ion and may t ransmi t  p l a n t  and 

animal disease . 

Insec t  species can usua l l y  be i d e n t i f i e d  by e f f e c t s  produced on the  host. 

The l a r v a  o f  t h e  southern p ine  bee t le  consumes po r t i ons  o f  s h o r t l e a f  

p ine  ap ica l  buds r e s u l t i n g  i n  decreased t r e e  growth o r  t r e e  death i n  

severe i n f e s t a t i o n s .  Many o f  t h e  s h o r t l e a f  p ine  stands on S i t e  conta in  

i n f e s t a t i o n s  o f  t h i s  beet le.  (3 )  The ex tent  o f  i n f e s t a t i o n  i s  being 

documented dur ing  the  moni to r ing  program. 

2.7.1.4.5 THREATENED OR ENDANGERED OR UNUSUAL AND SIGNIFICANT SPECIES 

Thus f a r  two faunal species l i s t e d  as endan ered o r  threatened by the  

Uni ted States Department o f  t he  I n t e r i o r  (28q have been observed on S i t e .  

A l i t e r a t u r e  review ind i ca tes  t h a t  f i v e  add i t i ona l  threatened o r  endangered 



species have the potentiali ty of occurring there. (28929~30) However, 
each of these threatened or endangered species i s  widely distributed 
in the Tennessee area. 

Other faunal species present on the S i t e  may be considered unusual and 
significant;  tha t  i s ,  species occurring in relat ively low numbers on 
S i t e  b u t  not considered threatened or endangered by U. S. Bureau of Sport 
Fisheries and Wildlife. (28) 

Mamnals -- Probably the only endangered mammal species which may occur on 
the S i t e  i s  the Indiana bat (Myotis sodal is) .  This bat inhabits caves in 
winter and man-made structures o r  hollow trees  in summer. ( I 8 )  A complete 
cave search in August indicated the absence of the Indiana bat from the 
S i t e  even though i t  does occur in the general area. Species less l ikely 
to  uti  1 i ze the S i te  incl ude the endangered eastern cougar (Fel i s  concol or 
cougar) and the Florida panther (Fel is  concolor coryi ). No on-site pri-  
mary or secondary evidence has indicated the presence of any of these 
species . 

Avifauna -- On May 14, 1974, a southern bald eagle (Haliaeetus 1. 
1 eucocephal us) (endangered) was observed on S i t e  near the Cl inch River. 
The d ie t  of th i s  bird i s  99 percent f i sh .  I t  nests in large trees and 
u t i l izes  the same nest year a f t e r  year. The nests a re  primarily located 
in estuarine areas along the Atlantic and Gulf coasts, from New Jersey 
to  Texas, lower Mississippi Val ley southwest from eastern Arkansas and 
Western Tennessee and through the southern s t a t e s  west t o  California' 
and Baja California. (28) Possible reasons for  i t s  population decline 

include: i l legal  shooting, loss of natural habitat  and limited repro- 
duction success due to  pesticide uptake by adults. No nest was observed 
on S i t e  and from a l l  indications, the individual observed appears to  be 

an immature migrant. 

On May 4, 1974 the American Osprey (Pandion haliaetus) (s ta tus  unde- 
/ 

termined) was observed catching f ish and carrying i t s  prey to  a pinnacle 



on t h e  opposi te shore o f  t h e  C l inch  River .  The American osprey breeds 

from nor thern  Alaska south t o  Baja C a l i f o r n i a  and Sonora, eas t  t o  

southern Labrador, Newfoundland and southern F l o r i d a .  I t  w in te rs  from 

southern Uni ted States south t o  South America. (28) 

Other species considered endangered o r  w i t h  an undetermined s ta tus  which 

have p o t e n t i  a1 o f  occu r r i ng  on S i t e  i n c l  ude t h e  red-cock'aded woodpecker 

(Dendroco os b o r e a l i s  , endangered), peregr ine fa1  con (Falco p e r e g r i  nus, 

endangered) * 2 9 ) a s t e r n  pigeon hawk (Falco c. columbarius, s ta tus  

undetermined) . 

Avifauna species occur r ing  on S i t e  which may be considered unusual and 

s i g n i f i c a n t  t o  the  area i nc lude  the  prothonotary warb le r  (Pro tonotar ia  

c i  t r e a )  , Cooper's hawk (Acci i t e r  cooperi  i ) and sharp-shi nned hawk 

(Acc ip i  t e r  s t r i a t u s )  . (~~)ree species were observed du r ing  t h e  

May 1974 survey. The Golden eagle (Agu i la  chrysaetos),  a l though n o t  

a c t u a l l y  observed, may be considered unusual and s i g n i f i c a n t  i f  present.  

Herpetofauna -- On-s i te  surveys and a l i t e r a t u r e  review f a i l e d  t o  i n d i -  

ca te  the  presence o f  any herpetofauna species considered endangered o r  

threatened by the  Un i ted  States Department o f  the  I n t e r i o r .  

2.7.1 .5 IMPORTANT DOMESTIC ANIMALS 

Beef c a t t l e ,  d a i r y  cows, hogs and mi lk-producing goats a re  an important  

p a r t  o f  man's food chain. Therefore, a census survey was conducted on 

May 1 and 2, 1974, t o  determine the  number and l o c a t i o n  o f  these species 

w i t h i n  a 10-mile rad ius  o f  t h e  S i t e .  For  the  main survey area, the  

reg ion  surrounding t h e  p l a n t  was d i v ided  i n t o  s i x teen  22-112' azimuthal 

sectors w i t h  i nne r  r a d i a l  increments o f  1, 2, 3, 4 and 5 m i l es  as 

i l l u s t r a t e d  i n  F igure 2.7-8. Although most o f  the  area covered dur ing  

the  survey l i e s  w i t h i n  Roane County, smal l  po r t i ons  o f  Loudon, Anderson, 

Morgan and Knox Counties were a l so  inc luded up t o  a rad ius  o f  10 m i les  

from the  p l a n t  S i t e .  



The t o t a l  area surveyed i s  do t ted  w i t h  small farms each o f  which usua l l y  

has a few beef c a t t l e  and one o r  two d a i r y  cows. Approximately 70 farms 

were v i s i t e d  t o  determine the  number o f  c a t t l e  and d a i r y  cows graz ing 

i n  the  f i e l d s .  Presence o f  hogs and goats were a l s o  noted. Results o f  

the survey a r e  shown i n  Table 2.7-60. 

Less than 20 hogs and on ly  two goats were se&n du r ing  the  survey. A 

t o t a l  o f  858 beef c a t t l e  and 63 d a i r y  cows were i d e n t i f i e d  and tabu la ted  

w i t h i n  the 10-mile rad ius  o f  the  S i t e .  Wi th in  f i v e  m i les  o f  the  S i te ,  

the  t o t a l  numbers o f  beef c a t t l e  and d a i r y  cows tabu la ted  were 475 and 

61 , respect ive ly .  

Since a l l  o f  Roane County was inc luded i n  the  survey, r e s u l t s  could be 

ea;ily compared w i t h  publ ished data. According t o  a 1969 Census o f  

A g r i c u l t u r e  conducted by the Department o f  Commerce, Bureau o f  Census, (37 

a count o f  483 farms i n  Roane County showed an inventory  o f  11,828 beef 

c a t t l e  and calves; 120 farms showed an inventory  o f  1,129 m i l k  cows. 

This  census a l so  showed a t o t a l  inventory  o f  2,281 p igs  f o r  Roane County. 

The number o f  goats i n  the area was no t  reported. A survey o f  farms 

i n  Roane County i d e n t i f i e d  801 beef c a t t l e  and 61 d a i r y  cows on approxi -  

mately 65 farms. These numbers represent approximately one-half  as many 

beef c a t t l e  and d a i r y  cows as were repor ted  i n  the  census. The r a t i o  o f  

d a i r y  cows t o  beef c a t t l e  repor ted i n  our  survey (1 2.7 t o  1 ) i s  approxi -  

mately the  same as t h a t  repor ted i n  the  census (10.5 t o  1). 



2.7.2 AQUATIC ECOLOGY 

2.7.2.1 INTRODUCTION 

The CRBRP S i t e  i s  l oca ted  on a peninsula bounded on th ree  s ides by the  

C l inch  R ive r  between r i v e r  m i l es  15 and 18. Headwaters o f  t he  C l inch  

R iver  a re  i n  Tazewell County, V i r g i n i a  and from there,  the  r i v e r  f lows 

southwester ly  f o r  350 mi les ,  d r a i n i n g  an area o f  4,413 square mi les .  

Confluence o f  t he  C l inch  R iver  w i t h  t h e  Tennessee R iver  occurs a t  

Tennessee R i  ver  M i  1  e (TRM) 567.8 near Kings ton, Tennessee. Emory R i  v e r y  

a major  t r i b u t a r y  o f  t h e  C l i nch  River ,  has a drainage area of 865 square 

m i l es  and j o i n s  the  C l i nch  R iver  a t  C l i nch  R iver  M i l e  (CRM) 4.4. Caney 

and Pop1 a r  Springs Creeks a re  two m i  nor  t r i b u t a r i e s  , having drainage 

areas o f  l ess  than 10 square mi les ,  which e n t e r  the C l i nch  R ive r  f rom 

the  south a t  CRM 17 and CRM 16.2, respec t i ve l y .  

A t  the  CRBRP S i t e  the  C l i nch  R ive r  ranges approximately 300 t o  600 f e e t  

i n  w id th  and i s  p a r t  o f  Watts Bar Lake which i s  formed by Watts Bar Dam 

a t  TRM 529.9, about 55 r i v e r  m i l es  downstream from the  S i t e .  Flow and 

water l e v e l  o f  t h e  C l i nch  R ive r  a t  the  S i t e  are h i g h l y  regu la ted  by the  

operat ions o f  TVA dams. Water l e v e l  a t  the  S i t e  i s  b a s i c a l l y  c o n t r o l l e d  

by Watts Bar  Dam. A sma l l e r  dam, Melton H i l l  Dam, l oca ted  approximately 

f i v e s  m i l es  upstream from the  S i t e  a t  CRM 23.1, was p u t  i n t o  opera t ion  i n  

May 1963. Water f l o w  pas t  t h e  S i t e  i s  most immediately i n f l uenced  by 

the  opera t ion  o f  Melton H i l l  Dam; however, t h e  pr imary r e g u l a t o r  o f  f l o w  

i s  N o r r i s  Dam loca ted  a t  CRM 79.8. Water l e v e l  a t  t h e  S i t e  has a normal 

range o f  approximately s i x  f e e t  du r i ng  the  yea r  and t h e  f l o w  v e l o c i t y  i s  

h i g h l y  va r i ab le .  Periods o f  zero f l ow  i n  t h e  S i t e  area have been recorded 

dur ing  the  base l ine  surveys and upstream ( reverse)  flows have been 

postu lated,  as s t a t e d  i n  Sect ion 2.5. 



An annual average f l o w  o f  approx imate ly  4,800 c f s  a t  t h e  S i t e  i s  ca lcu-  

l a t e d  f rom t h e  records  o f  Me l ton  H i l l  Dam average month ly  d ischarges 

from 1964 through 1973, as shown i n  Table 2.5-3. Watts Bar Reservo i r  

e l e v a t i o n s  a r e  i n d i c a t e d  i n  Table 2.5-5. Average month ly  water  temp- 

e ra tu res  a t  CRM 21.6 a r e  a v a i l a b l e  f o r  t h e  years 1963 t o  1971 and a r e  

shown i n  Table 2.5-7. 

Water q u a l i t y  o f  t h e  C l i n c h  R i v e r  i s  n o t  s i g n i f i c a n t l y  a f f e c t e d  by pre-  

sen t  mun ic ipa l  and i n d u s t r i a l  waste discharges. Some water  q u a l i t y  

da ta  (32) a r e  a v a i l a b l e  f o r  t h e  C l i n c h  R i v e r  f o r  t h e  p e r i o d  cover ing  

June 1967 t o  A p r i l  1968 a t  two mon i t o r i ng  s t a t i o n s  a t  CRM 79.8 and 23.1 

and a r e  presented i n  Table 2.7-61. A d d i t i o n a l  non - rad ioac t i ve  water  

mon i t o r i ng  da ta  taken a t  t h e  Oak Ridge Gaseous D i f f u s i o n  P l a n t  pumping 

s t a t i o n  (33)  a t  CRM 14.4 f o r  1971 and 1972, a r e  presented i n  Tables 2.7-62 

and 2.7-63. Fu r the r  d e t a i l s  on water  q u a l i t y  a r e  g i ven  i n  Sec t ion  2.5. 

Three i n d u s t r i a l  water  supp l i es  i n  c l o s e  p r o x i m i t y  t o  t h e  S i t e  use C l i n c h  

R i ve r  su r f ace  water  as a  source o f  po tab le  water.  The nea res t  o f  these 

i s  l o c a t e d  1.6 m i l e s  downstream f rom t h e  S i t e  a t  CRM 14.4. Sur face 

water uses o f  t h e  C l i n c h  R i v e r  a r e  discussed i n  Sec t ion  2.2. 

2.7.2.2 PREVIOUS ENVIRONMENTAL STUDIES 

Prev ious environmental  s t ud ies  o f  t h e  C l i n c h  R i v e r  i n  t h e  v i c i n i t y  o f  

t h e  CRBRP S i t e  have been performed p r i m a r i l y  by t h e  Tennessee V a l l e y  

A u t h o r i t y  (TVA) and t h e  Oak Ridge Nat iona l  Labora to ry  (ORNL). Most o f  

t h e  data f rom these p rev ious  s tud ies  a r e  o f  l i m i t e d  va lue  t o  t h e  p resen t -  

day c h a r a c t e r i z a t i o n  o f  t h e  phys i ca l  and chemical parameters and b i o -  

l o g i c a l  communities o f  t h e  C l i n c h  R i v e r  a t  t h e  CRBRP S i t e  because: 

( 1 )  da ta  c o l l e c t e d  a r e  n o t  s i t e - s p e c i f i c ;  ( 2 )  da ta  were c o l l e c t e d  p r i o r  

t o  c o n s t r u c t i o n  o f  Me1 t o n  H i l l  Dam; and (3 )  da ta  were ma in l y  o f  a  q u a l i -  

t a t i v e  na tu re .  Resul t s  o f  b i o l o g i c a l  surveys (34'35 y36)  performed on t h e  

C l i n c h  R i v e r  a r e  a v a i l a b l e  w i t h  re fe rence  t o  t he  B u l l r u n  and Kingston 

Steam P lan ts ,  a t  CRM 47.5 and 2.7, r e s p e c t i v e l y .  



Pertinent data from previous studies a r e  mentioned in following sections 

and used fo r  purposes of comparison or  a s  information supplementary to  

the data obtained from the present baseline survey. 

2.7.2.3 PHYSICAL AND CHEMICAL PARAMETERS 

Discussed in the following sections a re  spec i f ic  physical and chemical 

parameters which help t o  characterize the Clinch River a t  the  S i te .  

Methods and procedures used fo r  the aquatic base1 ine survey a r e  described 

in Section 6.1. Since the baseline survey i s  only pa r t i a l l y  complete, 

the observations and conclusions made in the  following sect ions  a re  

based on the r e su l t s  of s i x  major f i e l d  t r i p s  (March 25 t o  29, May 29 

to  June 4, June 24 t o  28, July 22 to  26, August 26 t o  29 and September 23 

t o  26). 

2.7.2.3.1 LOCATIONS OF SAMPLING STATIONS 

In the  following sect ions ,  references a r e  made t o  sampling s t a t i ons  used 

for  physical and chemical parameters. Locations of these s ta t ions  a r e  

i l l u s t r a t ed  in Figures 6.1-2, 6.1-4 and 6.1-9. Arrangement of sampling 

s ta t ions  a r e  a l so  described in ~ e c t i d n  6.1. 
. , 

2.7.2.3.2 BATHYMETRY 

Bathymetric char ts  and i l l u s t r a t i o n s  showing cross-sectional bottom pro- 

f i l e s  of the  Clinch River fo r  the intake and discharge areas a re  presented 

in Section 2.5 as  Figures 2.5-5 through 2.5-8. In the  study area ,  CRM 15 

to  18, the shorelines a re  moderately steep.  During periods of high water, 

t r e e  branches and other vegetation a re  pa r t i a l l y  submerged o r  overhang 

the edges of the  r i ve r  and form dense cover along most sect ions  of the  

r i ve r  edges. 



There a re  midriver sand-gravel bars from approximately CRM 15.6 t o  16.1 

where the r ive r  widens t o  about 600 f e e t .  During a preliminary recon- 

naissance f i e l d  t r i p  (February 26 t o  March 1 ,  1974) these bars were 

pa r t i a l l y  exposed between CRM 15.7 and 16.0. On February 27, 1974, a t  

a r ive r  water level of roughly 736 f e e t ,  the exposed portions of the 

sand bars measured approximately one and one-half t o  two f e e t  above the 

water surface.  The l a rge s t  exposed bar measured 520 f e e t  in  length by 

98 f e e t  i n  width. The location of the bar,  r e l a t i ve  t o  the  discharge, 

i s  shown in Figure 2.5-6. 

2.7.2.3.3 RIVER HEIGHT 

Water levels  were recorded from readings made of the stadium s t a f f  a t  

CRM 16.5 during a l l  f i e l d  t r i p s  from March 25 through September 26, 1974, 

and a r e  shown i n  Table 2.7-64. Water levels  varied by 6 f e e t  2.0 inches. 

The lowest reading, 736 f e e t  9.5 inches above mean sea level (MSL), 

occurred on March 29, 1974 and the highest reading, 742 f e e t  11.5 inches 

MSL, occurred on July 25, 1974. A t  a r i ve r  elevation of 737 f e e t  MSL, 

the g rea tes t  depth of the  r i ve r  between CRM 15 and 18 ranges from 16 t o  

26 f ee t .  

2.7.2.3.4 WATER VELOCITY AND CURRENT DIRECTION 

Water veloci ty  and current  d i rect ion were measured i n  the ve r t i ca l  water 

column a t  the sampling locations shown in Figure 6.1-4 on a l l  t r i p s .  In 

addit ion,  measurements were made ins ide  of Caney and Poplar Springs 

Creeks in May, June, August and September. Results a r e  included in 

Tables 2.7-65 through 2.7-70. 

Analysis of the water velocity data i s  complicated somewhat by the f a c t  

t h a t  ve loc i t i e s  on the r i ve r  can be a l t e red  rapidly by changes in the  

discharge r a t e s  of the dams affect ing the Clinch River. A good example 

of t h i s  i s  seen in the June t r i p  data ,  a s  shown in Table 2.7-67, where 



water v e l o c i t y  increased from a range o f  0.1 t o  0.3 f e e t  per second a t  

Transect 1 -S ta t i on  7 t o  a range o f  2.4 t o  2.9 f e e t  per second a t  

Transect 2 -Sta t ion  3, which was sampled approximately 15 minutes a f t e r  

Transect 1 -S ta t i on  7. 

V e l o c i t i e s  a t  S t a t i o n  7 o f  Transects 2 and 3 were seen t o  be o f  small 

magnitude, even when v e l o c i t i e s  a t  S ta t i ons  3 and 5 o f  these t ransec ts  

were r e l a t i v e l y  g rea t .  These two s t a t i o n s  a re  l oca ted  i n  t h e  mouths o f  

Caney and Poplar  Springs Creeks. Net f l o w  was i n t o  t h e  creeks on t h e  

March, June, August and September f i e l d  t r i p s .  I n  May, n e t  f l o w  was o u t  

o f  t he  creeks. I n  Ju ly ,  n e t  f low was i n t o  Caney Creek, b u t  o u t  o f  Poplar 

Springs Creek. Whether n e t  f l o w  i s  i n t o  o r  o u t  o f  t he  creeks i s  most 

l i k e l y  p r i m a r i l y  determined by whether t h e  r i v e r  l e v e l  i s  r i s i n g  o r  

f a l l i n g  a t  t h e  t ime t h e  measurement i s  made. It i s  noted t h a t  i n  t h e  

June data, c u r r e n t  d i r e c t i o n  i s  i n t o  Caney Creek a t  i t s  mouth (Transect  2- 

S t a t i o n  7) ,  b u t  a measurement made i n s i d e  t h e  creek shows c u r r e n t  t o  be 

f l o w i n g  o u t  o f  t h e  creek. Th i s  i s  most l i k e l y  due t o  an eddying e f f e c t  

a t  t he  sampling s t a t i o n  i n s i d e  t h e  creek. 

2.7.2.3.5 TEMPERATURE 

Water temperatures a t  a l l  sampling s t a t i o n s  shown on F igu re  6.1-4 were 

measured through the  v e r t i c a l  water column. Lowest values were seen i n  

March, when they  ranged between 51.4 degrees F and 52.5 degrees F. 

Highest  values c o n s i s t e n t l y  over 70 degrees F were seen i n  August, 

Tables 2.7-65 through 2.7-70. There are  no apparent s i g n i f i c a n t  d i f f e r -  

ences between sampling s t a t i o n s ,  except t h e  s t a t i o n s  i n s i d e  Caney and 

Poplar Springs Creeks and S t a t i o n  7 o f  Transects 2 and 3 i n  the  mouths 

o f  the  creeks. These s t a t i o n s  o f t e n  show temperatures h igher  than those 

a t  the  o the r  s t a t i o n s .  This  e f f e c t  was most no tab le  a t  t h e  surface. 



2.7.2.3.6 SPECIFIC CONDUCTIVITY MEASUREMENTS 

S p e c i f i c  c o n d u c t i v i t y  r e f l e c t s  t he  i o n i c  con ten t  o f  water .  -- I n  s i t u  

measurements o f  s p e c i f i c  c o n d u c t i v i t y  were ob ta ined  i n  t h e  May through 

September t r i p s  and a r e  shown i n  Tables 2.7-65 through 2.7-70. Values 

i n  J u l y  were t he  l owes t  seen, rang ing  f rom 120 t o  200 pmhos/cm, as seen 

i n  Table 2.7-68. H ighes t  measurements were ob ta ined  i n  September, r a n g i n g  

f rom 230 t o  260 ~mhos/cm as i n d i c a t e d  i n  Table 2.7-70. Samping s t a t i o n s  

a re  shown on F igu re  6.1-4. 

S p e c i f i c  c o n d u c t i v i t y  measurements a r e  seen t o  vary  l i t t l e  among sampl ing 

s t a t i o n s .  The o n l y  except ions a r e  aga in  t he  s t a t i o n s  l oca ted  i n  Caney 

and Poplar  Spr ings Creeks and S t a t i o n  7 o f  Transects  2  and 3  which tend 

t o  have a  h i ghe r  s p e c i f i c  c o n d u c t i v i t y  than t h e  o t h e r  s t a t i o n s .  T h i s  

e l e v a t i o n  o f  s p e c i f i c  c o n d u c t i v i t y  i s  n o t  p resen t  i n  a l l  samples and 

i s  n o t  ve ry  g rea t .  I n  genera l ,  va lues ob ta ined  i n  t h e  base l i ne  survey 

were reasonably c l o s e  t o  t h e  240 and 230 umhos/cm read ings  recorded on 

February 16 and A p r i l  25, 1968, by TVA (32)  a t  CRM 23.1 and which a r e  

l i s t e d  i n  Table 2-7-61,  

2.7.2.3.7 SOLIDS 

S o l i d s  a r e  u s u a l l y  de f i ned  as a l l  ma t t e r  t h a t  remains as res idue  a f t e r  a  

water  sample i s  d r i e d  a t  221 degrees F  and a l l  water i s  evaporated. 

V o l a t i l e  s o l i d  con ten t  i s  g e n e r a l l y  i n t e r p r e t e d  as be ing  o rgan i c  and 

f i x e d  s o l i d  con ten t  as be ing i no rgan i c .  S e t t l e a b l e  s o l i d s  a r e  those 

s o l i d s  i n  suspension which w i l l  s e t t l e  under qu iescen t  cond i t i ons .  

Water q u a l i t y  measurements i n  Table 2.7-71 c o n t a i n  t he  phys i ca l  and 

chemical analyses o f  va r i ous  s o l i d  f r a c t i o n s  o f  water  samples taken f rom 

s t a t i o n s  shown on F i g u r e  6.1-2. D i f f e rences  between sample s t a t i o n s  

appear i n s i g n i f i c a n t ,  w i t h  t h e  excep t ion  o f  t h e  sample f rom Transect  5- 

S t a t i o n  5  on September 24. To ta l  s o l i d  con ten t  was 182 ppm f o r  t h i s  

sample, w h i l e  o t h e r  samples on t h a t  da te  ranged f rom 148 t o  152 ppm. 



Highest  cons i s ten t  t o t a l  s o l i d  con ten t  was seen i n  t h e  March samples 

(180 t o  200 ppm) ; lowest  values were seen i n  t h e  May samples (136 t o  

148 ppm). I n  a l l  samples, most o f  t h e  t o t a l  so l  i d  con ten t  was i no rgan i c  

( f i x e d ) .  Very l i t t l e  o f  t he  t o t a l  s o l i d  ( l e s s  than 0.1 ppm) was s e t t l e -  

ab le  i n  a l l  cases. A s i g n i f i c a n t  f r a c t i o n  o f  s e t t l e a b l e  s o l i d s  would be 

impor tan t  because these s o l i d s  cou ld  a l t e r  bottom sediments and cause 

smothering o f  benth ic  populat ions and f i s h  spawning areas. 

Suspended s o l i d s  were much h igher  i n  t h e  March samples than i n  t h e  samples 

taken on o the r  c o l l e c t i o n  t r i p s .  Values i n  March ranged f rom 38 t o  

42 ppm i n  c o n t r a s t  t o  t he  lowest  values, 4  t o  12 ppm, obta ined i n  June. 

Suspended s o l i d s  i n  o the r  months were more comparable t o  those i n  June 

than t o  those i n  March. I n  a l l  samples, except those from June, f i x e d  

suspended s o l i d s  were g rea te r  than v o l a t i l e  s o l i d s .  

2.7.2.3.8 TURBIDITY AND COLOR 

T u r b i d i t y  p e r t a i n s  t o  suspended mat te r  i n  water t h a t  i n t e r f a c e s  w i t h  

l i g h t  t ransmiss ion through water and i n  t u r n  tends t o  r e s t r i c t  v i s u a l  

percept ion  o f  depth. True c o l o r  i s  due t o  var ious  n a t u r a l  organic  

e x t r a c t s .  T u r b i d i t y  and c o l o r  measurements f o r  t h e  th ree  sampling 

s t a t i o n s  shown i n  F igu re  6.1-2 a re  l i s t e d  i n  Table 2.7-71. 

T u r b i d i t y  l eve l s ,  a l though s i m i l a r  among the  th ree  sampling s t a t i o n s  f o r  

a l l  dates, showed much h igher  values i n  March than i n  the  o t h e r  dates. 

Th is  p a t t e r n  r e f l e c t s  t h e  increased suspended s o l i d  con ten t  du r i ng  t h e  

March t r i p ,  l i s t e d  i n  Table 2.7-71. The t u r b i d i t y  values o f  70 t o  80 

Jackson T u r b i d i t y  U n i t s  (JTU) f o r  March exceed the  FWPCA C r i t e r i a  (37 

recommended maximum value o f  50 JTU f o r  a  warm water stream r e c e i v i n g  

discharge. True c o l o r  values were s i m i l a r  among the  d i f f e r e n t  sampling 

s t a t i o n s  b u t  were much h igher  i n  March than i n  t he  o t h e r  months, probably  

as a  r e s u l t  o f  organic  m a t e r i a l s  ex t rac ted  from r u n o f f .  



2.7.2.3.9 LIGHT PENETRATION 

L i g h t  i s  necessary f o r  photosynthe t ic  organisms. The compensation l e v e l  

i s  t h a t  depth a t  which photosynthesis j u s t  balances r e s p i r a t i o n  and i s  

t h a t  depth a t  which l i g h t  i n t e n s i t y  i s  one percent  o f  f u l l  s u n l i g h t .  (38) 

L i g h t  pene t ra t i on  readings were made a t  a l l  f i e l d  sampling s t a t i o n s  shown 

on Figure 6.1-4. I n  Tables 2.7-65 through 2.7-69, l i g h t  pene t ra t i on  i s  

expressed as foot -candles and percent  t ransmi t tance and an i n d i c a t i o n  i s  

g iven o f  t he  water depth a t  which one percent  l i g h t  t ransmi t tance i s  

reached. I n  September, as shown i n  Table 2.7-70, a Secchi d i s c  was used 

t o  ob ta in  approximate values f o r  t he  compensation p o i n t  due t o  ma l func t i on  

o f  the  submarine photometer. On a l a t e r  f i e l d  t r i p ,  l i g h t  pene t ra t i on  

readings w i l l  be taken w i t h  both the  Secchi d i s c  and the  photometer so 

t h a t  a comparison o f  Secchi d i s c  and photometer readings can be made. 

The September data should then be ab le  t o  be compared w i t h  o the r  t r i p s  

on which the  photometer was used. 

The shal lowest  depth o f  one percent  l i g h t  t ransmi t tance occurred on t h e  

March t r i p .  Th is  depth was u s u a l l y  no more than one f o o t  below t h e  water 

sur face  and never exceeded one meter a t  any o f  t he  s ta t i ons ,  as shown i n  

Table 2.7-65. Readings f o r  t he  May, June and J u l y  t r i p s ,  Tables 2.7-66 

through 2.7-68, were q u i t e  s i m i l a r ,  the  compensation l e v e l  most commonly 

being a t  depths o f  3 t o  4 meters. I n  August, these depths were cons i s t -  

e n t l y  a t  4  t o  5 meters, Table 2.7-69. Secchi d i s c  readings i n  September 

most ly  f e l l  i n  t h e  range o f  3.5 t o  4.5 f e e t ,  as seen i n  Table 2.7-70. 

Wi th in  each t r i p ,  values were reasonably cons i s ten t  among sampling s t a t i o n s ,  

except f o r  occasional decreases i n  t he  depth o f  one percent  t ransmi t tance 

noted a t  sampling s t a t i o n s  i n  Caney and Poplar Springs Creeks and t h e i r  

mouths. 

Lack o f  l i g h t  pene t ra t i on  du r i ng  t u r b i d  per iods may a c t  t o  l i m i t  t he  

extended ex is tence o f  photosynthe t ic  p lan ts ,  such as macrophytes, i n  t he  

s tudy area. 



2.7.2.3.10 pH, ALKALINITY AND HARDNESS 

pH i s  a measure of the hydrogen ion concentration and in t u r n  a measure 

of the degree of ac id i ty  or a lka l i n i t y  of a solution.  Alkalinity i s  a 

measure of the  capacity of water t o  neutra l ize  acids.  Hardness of water 

i s  usually due t o  natural accumulation of calcium and magnesium s a l t s .  

Soft  water increases the s ens i t i v i t y  of f i s h  and f i s h  food organisms t o  

toxic metals, while i n  hard water, toxic metals may be l e s s  dangerous. (39) 

Stat ions fo r  which pH was measured a r e  shown on Figure 6.1-4 and the  

r e su l t s  a r e  reported i n  Tables 2.7-65 through 2.7-70. Total a l ka l i n i t y  

and hardness were sampled a t  the three  s t a t i ons  shown on Figure 6.1-2 

and the r e su l t s  a r e  l i s t e d  in Table 2.7-71. 

Readings of pH a t  three  depths a t  a l l  s t a t ions  sampled during March, June, 

August and September ranged from 7.7 t o  8.3. This range f a l l s  within the 

acceptable range of 6.5 t o  8 .5  s e t  by the Tennessee Water Quality Cri- 

(40)  f o r  f i s h  and aquatic l i f e .  June and July values ranged from 
B 
1 t e r i  a 

8.5 t o  8.7 and 8.1 t o  8.55, respectively,  and a re  near o r  out of the  

acceptable range. In order t o  cross-check the accuracy of equipment used 

t o  take water qual i ty  measurements i n  the f i e l d ,  addit ional  water samples 

are  collected on each f i e l d  t r i p  and water qua1 i t y  measurements a re  made 

with cal ibra ted backup equipment. In June, the  pH of these cross-check 

samples a l l  read 7.95. In July pH readings on the  water samples ranged 

from 7.8 t o  8.0.  Water samples used were collected from three  of the 

sampling s t a t i ons  i n  June and f i v e  in July.  I t  seems tha t  the  f i e l d  

measurements of pH reported fo r  June and July were high due t o  f i e l d  

equipment malfunction and the  actual pH values fo r  those t r i p s  f a l l  

within the range of pH readings from the other col lect ion dates .  

Alkalinity a t  the three sampling s t a t i ons  was lowest i n  March, a l l  three 

readings being 76 ppm (CaC03), and highest i n  September, with values 

ranging from 90 to  116 ppm (CaC03). There seem t o  be no s ign i f ican t  



differences between s ta t ions .  Hardness f o i l  owed the same pattern.  March 

values of 82 to  96 pprn (CaC03) were lowest and September values of 136 t o  

138 ppm (CaC03) were highest.  As shown in Table 2.7-61, TVA (32)  reported 

a1 kal i n i t y  values ranging from 90 t o  111 pprn (CaC03) and hardness values 

of 100 t o  128 pprn (CaC03) from June 23, 1967 t o  Apri 1 25, 1968 a t  CRM 23.1 . 
Water hardness values of 75 t o  150 pprn a re  considered "moderately hard" 

and a re  charac te r i s t i c  fo r  Tennessee. (41 ) 

2.7.2.3.11 DISSOLVED OXYGEN 

Oxygen i s  important because most l iv ing organisms depend on some form of 

oxygen t o  maintain biological processes which produce energy fo r  growth 

and reproduction. (41 ) Most c r i t e r i a  dealing w i t h  dissolved oxygen i n  

freshwater concern f i s h .  Since f i s h  a re  dependent upon other aquatic 

organisms fo r  food and would probably not be in an area where food supply 

i s  inadequate, i t  appears reasonable t o  assume tha t  f-ish requirements 

would a l so  meet the  requirements of the  r e s t  of the  community. (37) 

Dissolved oxygen ( D O )  measurements were done i n  p rof i l e  a t  the s ta t ions  

indicated i n  Figure 6.1-4 and the r e su l t s  a re  reported in Tables 2.7-65 

through 2.7-70. Data show a d i s t i n c t  pattern from March through 

September. Highest values were recorded in March, Table 2.7-65, w i t h  

DO readings ranging from 11.3 pprn (101.8% saturat ion)  t o  10.2 pprn 

(91.9% sa tura t ion) .  DO measurements decreased s tead i ly  in the  May, 

June, July and August t r i p s .  August DO values, the  lowest recorded i n  

the sampling period, ranged from 5.5 pprn (62.5% sa tura t ion)  t o  6.4 pprn 

(73.6% saturat ion)  a t  s t a t ions  not close to  Caney and Poplar Springs 

Creeks. Stat ions in these creeks and t h e i r  mouths showed higher DO 

values in August than did the other s ta t ions .  This elevation of DO 

values in the creeks a l so  showed u p  on some of the other sampling dates .  

DO values fo r  September were greater  than those fo r  August, ranging 

from 6.6 pprn (71.7% saturat ion)  t o  7.3 pprn (82.0% saturat ion)  fo r  

s t a t i ons  not closely as'sociated with the creeks. Throughout the  water 



column there was no distinct DO stratification. As shown in Table 2.7-61, 

TVA(~') reported DO values for CRM 23.1 which ranged from 5.9 ppm on 

September 26, 1967 to 11.7 pprn on February 16, 1968. Tennessee Water . . 

Quality Criteria (40) for fish and aquatic life states that 5 ppm DO in 

water is the minimum acceptable value; FWPCA for fresh 

water organisms recommends DO be above 5 ppm. 

2.7.2.3.12 BIOCHEMICAL OXYGEN DEMAND, CHEMICAL OXYGEN DEMAND AND TOTAL 
ORGANIC CARBON 

Biochemical oxygen demand (BOD) is usually defined as the amount of 

oxygen required by bacteria while decomposing organic matter under 

aerobic conditions. The BOD test has particular application in evalu- 

ating the pollutional strength of domestic and industrial wastes in terms 
of the oxygen that they utilize when discharged into natural waters in 

which aerobic conditions exist. By means of this test, it is possible 

to determine the degree of pollution present in streams at a given 

time. (41 

Chemical oxygen demand (COD) is a reasonably close approximation of the 

total chemically-oxidizable carbonaceous content of a sample. The COD 

test is also widely used as a measure of domestic and industrial pollu- 

tion. During COD determination, all organic matter is converted to 

carbon dioxide and water regardless of whether or not the organic matter 

is biological ly assimilable. Thus, COD values may be significantly 

greater than BOD values when biologically resistant organic matter is 

present. (40) Total organic carbon (TOC) is measured in COD determina- 

tions. Water samples for BOD, COD and TOC were collected in March, 

May, June, July, August and September at the three sampling stations 

shown on Figure 6.1-2 and the results of analyses are presented in 
Table 2.7-71. Baseline survey data to date show mean BOD values of 2.2, 

1.7 and 2.0 ppm for Transect 1-Station 5, Transect 4-Station 3 and 

Transect 5-Station 5, respectively. BOD values of 0 to 2 ppm are 

associated with water suitable for human consumption; whereas, values 



o f  100 t o  500 ppm a r e  assoc ia ted  w i t h  normal raw sewage. ( 4 2 )  TVA (32)  

r epo r ted  BOD values f o r  CRM 23.1 which ranged f rom 0.0 t o  1.6 ppni f o r  

June 23, 1967 t o  A p r i l  25, 1968, as shown i n  Table 2.7-61. Data f rom 

t h e  base l i ne  survey range f rom l e s s  than 1.0 t o  6.0 ppm. 

Mean COD values from samples c o l l e c t e d  t o  da te  a r e  8.2 pprn a t  Transect  1- 

S t a t i o n  5, 7.95 pprn a t  Transect  4 -S ta t i on  3 and 5.5 pprn a t  Transect  5- 

S t a t i o n  5. Values ranged f rom 2.4 t o  16 ppm. Mean TOC values f o r  

Transect  1 -S ta t i on  5, Transect  4 -S ta t i on  3 and Transect  5 -S ta t i on  5 

were 5.0, 5.4 and 3.7 ppm, r e s p e c t i v e l y ,  w i t h  a  range o f  2  t o  10 pprn. 

2.7.2.3.13 NUTRIENTS 

N u t r i e n t s  a r e  necessary f o r  t h e  growth o f  any l i v i n g  organisms. N i t r ogen  

and phosphorus a r e  t he  most obv ious l y  impor tan t  elements f o r  t h e  growth 

o f  aqua t i c  p l a n t s .  Other n u t r i e n t s ,  some o f  which a r e  sometimes r e f e r r e d  

t o  as "m ic ronu t r i en t s " ,  a r e  a l s o  impo r tan t  f o r  aqua t i c  organisms. Some 

n u t r i e n t s  i d e n t i f  i ed (43 )  as be ing  necessary f o r  aqua t i c  organisms i nc l ude :  

sodium and potassium; ca l c i um f o r  ve r t eb ra tes  and f o r  mo l lusk  s h e l l  

format ion;  magnesium as a necessary component o f  c h l o r o p h y l l ,  and s i l i -  

c a t e  as a s t r u c t u r a l  component f o r  diatoms. N u t r i e n t s  i n  excess ive 

amounts can c o n t r i b u t e  t o  t h e  e u t r o p h i c a t i o n  o f  an aqua t i c  system. N i t r o -  

gen and phosphorus a r e  g e n e r a l l y  accepted as t he  f e r t i l i z i n g  elements 

most r espons ib l e  f o r  nuisance blooms o f  aqua t i c  p l a n t s .  However, t h e  

concen t ra t i on  o f  these two elements t h a t  i s  necessary t o  cause blooms 

i s  n o t  es tab l i shed .  

Sampling f o r  n i t r o g e n ,  phosphorus, sodium and potassium was done i n  

March, May, June, J u l y  and August a t  t h e  t h r e e  s t a t i o n s  shown on F i g -  

u re  6.1-2, w h i l e  sampling f o r  calc ium, magnesium and s i l i c a t e  was done 

i n  March and September a t  t h e  one l o c a t i o n  shown on F i g u r e  6.1-9. Resu l t s  

o f  t h e  analyses f o r  n i t r ogen ,  phosphorus, sodium and potassium a r e  pre-  

sented i n  Table 2.7-71, w h i l e  those f o r  ca lc ium,  magnesium and s i l i c a t e  



are shown w i t h  t he  water q u a l i t y  data i n  Table 2.7-72. Values f o r  t he  

var ious forms o f  n i t r o g e n  (NO2, NO3 and NH3) a re  expressed as n i t r ogen .  

I n  a s i m i l a r  manner, t he  t o t a l  and orthophosphate values a re  expressed 

as phosphorus. 

As i s  shown i n  Table 2.7-71, n i t r i t e  (NO2-N) was considerably  g rea te r  

i n  March than i n  t h e  o the r  months. N i t r a t e  (NO3-N) values were s i m i l a r  

i n  March, May, June and September, b u t  considerably  l e s s  i n  J u l y  and 

August. Ammonia (NH3-N) values were g rea tes t  i n  March (0.9-1.0 ppm) 

and l e a s t  i n  June (0.04 t o  0.09 ppm). D i f fe rences  among sampling s t a t i o n s  

appear i n s i g n i f i c a n t .  

E levated n i t r i t e  and ammonia values du r i ng  the  March t r i p  a re  i n d i c a t i v e  

o f  enrichment du r i ng  t h i s  t r i p  poss ib l y  as a r e s u l t  o f  a g r i c u l t u r a l  

r u n o f f .  N i t rogen measurements by TVA '~ ' ) ,  shown i n  Table 2.7-61 , taken 

a t  CRM 23.1 from June 23, 1967 through A p r i l  25, 1968, ranged from 0.01 

t o  0.03 ppm (NO~-N), 0.23 t o  0.57 ppm (NO3-N) and 0 .OO t o  0.17 ppm (NH3-N) . 
These values are  i n  general accordance w i t h  those i n  Table 2.7-71. 1 
S p e c i f i c  c r i t e r i a  f o r  n i t r i t e  and n i t r a t e  maximum values f o r  aquat ic  l i f e  

have n o t  been designated. 

To ta l  phosphate (PO4) and orthophosphate values (as phosphorus, PO4-P) 

were much g rea te r  on the  March t r i p  than on any o the r  t r i p ,  as shown i n  

Table 2.7-71. TVA (32)  values shown i n  Table 2.7-61 f o r  t o t a l  PO4 from 

CRM 23.1 f o r  June 23, 1967 through A p r i l  25, 1968, ranged f rom 0.07 t o  

0.25 ppm. As PO4-P t h i s  range would be 0.02 t o  0.08 ppm. FWPCA (37) 

proposed maximum 1 i m i t  f o r  f reshwater  aquat ic  l i f e  i s  0.1 ppm (PO4-P). 

Values f o r  a l l  sampling dates except March were w e l l  below t h i s  l e v e l .  

March values were a t  t h i s  l e v e l .  

Values f o r  sodium and potassium, l i s t e d  i n  Table 2.7-71 and f o r  s i l i c a t e ,  

ca lc ium and magnesium, l i s t e d  i n  Table 2.7-72, were n o t  excessive. The 

7.7 ppm o f  s i l i c a t e  was probably  due t o  h igh  f l o w  and t u r b i d  cond i t i ons  



t h a t  prevailed during the March t r i p .  T V A ' ~ ' )  values f o r  CRM 23.1 f o r  

June 23, 1967 through April 25, 1968, shown in Table 2.7-61 were: Na 

(1.70 t o  3.00 ppm); K (1.00 t o  4.00 ppm); Si02 (1.1 t o  4.6 ppm); Ca (26.0 

t o  34.0 ppm); and Mg (9.0 t o  14.4 ppm). Thus the TVA values f o r  1967 

and 1968 were generally s imi lar  t o  those values obtained in samples 

collected t o  date.  

2.7.2.3.14 HEAVY METALS 

Common usage of the term "heavy metal ,"  from an ecological viewpoint, 

has meant a s t ab l e  metal t ha t  i s  pe rs i s t en t  and accumulative with time 

and toxic  i f  present in su f f i c i en t  quanti ty.  Heavy metals t ha t  have 

been sampled during the aquatic baseline survey a r e  molybdenum, selenium, 

t i n ,  a1 uminum, manganese, zinc,  copper, mercury, s i l v e r ,  arsenic ,  cadmium, 

chromium, lead,  n ickel ,  cobalt  and iron. Sampling was done in March and 

September a t  the location shown in Figure 6.1-9, and the values obtained 

a re  shown in Table 2.7-72. Most values a r e  below the  l im i t s  of reso- 

lu t ion of the  analys is .  Those metals which were present in measurable 

amounts were present i n  l e s s e r  quan t i t i e s  i n  September than i n  March. 

2.7.2.3.15 ORGANIC COMPOUNDS 

Sampling f o r  the organic compounds cyanide, detergents,  o i l  and grease,  

and phthalate e s t e r s  was done in March and September a t  the  one location 

shown on Figure 6.1-9. Values obtained f o r  these materials  a r e  l i s t e d  

in Table 2.7-72. Cyanide and phthalate e s t e r s  were below detectable 

levels .  Detergents increased from l e s s  than 0.01 ppm i n  March t o  0.1 ppm 

in September. Oil and grease decreased from 2.75 ppm in March t o  1.8 ppm 

in September. 



2.7.2.3.16 PESTICIDES 

Sampling for  pesticide content in the water was done in March and Sep- 

tember a t  the one location shown on Figure 6.1-9. Values obtained are  

shown in Table 2.7-72. All compounds were below the l imits of the 

analyses in March. In September, a l l  were below detectable amounts 

except the herbicide 2-4-D. In one of the two samples collected in 

September, 2-4-D was present in a concentration of 0.06 ppm. This high 

value may be the resu l t  of a small contaminant in th i s  sample. (44 1 

2.7.2.3.17 OTHER WATER ANALYSES 

Chloride ( ~ 1 - )  i s  one of the major anions in water, sewage effluents and 

industrial wastes. Chlorine demand of water i s  the difference between 

the amount of chlorine added during chlorination and the amount of 

chlorine present. Chlorine residual i s  the f ree  and combined avai lab1 e 

chlorine in the water. Sulfate (so4=) occurs in water as  leachings from 

various common minerals and i s  associated with acid mine drainage. 

Nitrogen gas has recently gained prominence in relation to  gas bubble 
disease. Gas bubble disease has been related to  supersaturated waters 

resulting from algal blooms, heated effluents of steam plants and dam 

spi 1 lways. (45) Fluorides, while they can occur naturally,  are  usually 
associated with water treatment. 

Sampl ing for  chloride, su l fa te  and chlorine residua1 was performed in 

March, May, June, July,  August and September a t  the three locations shown 

in Figure 6.1-2 and the values obtained are  l i s ted  in Table 2.7-71. 

Sampling for  chlorine demand and nitrogen gas was done a t  the one sampling 

location shown on Figure 6.1-9 and analyses resul ts  were presented in 
Table 2.7-72. Sampling for  nitrogen gas was done in March and September 
and for  chlorine demand in May and September. Fluoride was sampled in 

March and September a t  the location shown on Figure 6.1-9. Chloride and 

sulfate  levels,  as shown in Table 2.7-71, did not d i f f e r  appreciably 



between the three sampling stations. Sulfate levels were highest in 

March, whereas chloride 1 eve1 s were fairly uniform. Determi nation of 

chloride and sulfate levels for 1971 and 1972 were made by ORNL (33) and 

the results are shown in Tables 2.7-62 and 2.7-63. Chloride levels 

ranged from 1.0 to 5.5 ppm and sulfate levels ranged from 8.5 to 22.5 ppm. 

These values are quite comparable to those obtained in the baseline 

survey, and both sets of data meet the FWPCA (37) water qua1 i ty criteria 

for public water supplies. 

Total chlorine residual levels at all stations and sampling dates were 

less than 0.05 ppm. Data in Table 2.7-71 indicate that chlorine demand 

in both March and September were almost negligible. 

Specific criteria for acceptable nitrogen gas values are not available. 

Nitrogen gas levels during the March and September field trips were 

16.9 ppm and 14.9 ppm, respectively. 

Fluoride levels, as shown in Table 2.7-72, were less than 0.1 ppm in 
March and 0.18 ppm in September. These values are well below the FWPCA (37) 

recommended limits of 0.8 to 1.7 ppm, depending on annual maximum daily 

air temperature. 

2.7.2.3.18 SEDIMENT (PARTICLE SIZE AND TOTAL VOLATILE CONTENT) 

Character of bottom substrate is important to many aquatic organisms. 

This is especially true of such bottom dwelling organisms as the benthic 

macroinvertebrates. Benthic macroinvertebrates are known to be very 

selective in bottom preference both in terms of particle size and 

organic content. (46)  

Approximation of the organic content of sediment from the various stations 

was done by determination of the volatile solid content. Sediments were 

categorized on the basis of particle diameter according to the scale in ' 



Table 2.7-73. Resul ts  from the  samples c o l l e c t e d  i n  t h e  March, May, 

J u l y  and September t r i p s  a re  shown i n  Tables 2.7-74 through 2.7-77. 

Samples were c o l l e c t e d  by Ponar dredge a t  l o c a t i o n s  shown on F igu re  6.1-4. 

P a r t i c l e  s i z e  composit ion was i n  terms o f  weight.  Resul ts  show t h e  bo t -  

tom t o  be va r i ed  throughout t he  sampling area. Ana lys is  i s  compl icated 

by the  f a c t  t h a t  a t  some s t a t i o n s ,  more than one sediment type was encoun- 

tered.  Highest  values f o r  v o l a t i l e  s o l i d  con ten t  were seen a t  Transect 5- 

S t a t i o n  5 i n  May and J u l y  (15.4 and 11.0% r e s p e c t i v e l y ) ,  Transect 1- 

S t a t i o n  3 i n  March, May and September (9.1 t o  11.4%) and Transect 2- 

S t a t i o n  3 i n  March (8.5%). Dominant p a r t i c l e  s izes  i n  these samples 

were var iab le ,  i n  general  being i n  t he  medium sand t o  gravel  range. I n  

most cases, samples w i t h  t h e  smal les t  v o l a t i l e  s o l i d  con ten t  ( l e s s  than 

1%)  were those samples i n  t h e  grave l  t o  boulder s i z e  range. It i s  d i f f i -  

c u l t  t o  cha rac te r i ze  each s t a t i o n  i n  regard t o  sediment type. One f a i r l y  

constant  f e a t u r e  seen i s  t h a t  t he  samples showing a dominance o f  f i n e r  

p a r t i c l e  s i zes  are  u s u a l l y  f rom S t a t i o n  3 o f  t he  var ious  t ransec ts  and 

S t a t i o n  7 o f  Transects 2 and 3, l oca ted  i n  t h e  mouths o f  Caney and Poplar 

Springs Creeks, respec t i ve l y .  S t a t i o n  3 o f  each t ransec t  i s  l oca ted  

on the  r i g h t  s i de  ( l ook ing  downstream) o f  t he  r i v e r  and along the  i n n e r  

bend o f  t he  r i v e r .  Sediment i n  a c lean stream genera l l y  has an organ ic  

con ten t  o f  about one t o  f o u r  percent.  ( 42 )  S ta t i ons  which q u i t e  consis-  

t e n t l y  show v o l a t i l e  s o l i d  contents markedly above t h i s  range, such as 

Transect 1 -Sta t ion  3 and Transect 5 -Sta t ion  5, appear t o  represent  

o r g a n i c a l l y  enhanced areas. 

2.7.2.3.19 SEDIMENT (PHOSPHATE AND HEAVY METAL CONTENT) 

Whereas the  concent ra t ion  o f  phosphate and heavy metal  substances may 

be minute i n  f r e s h  water, such substances may accumulate and concentrate 

i n  the  sediments beneath these waters. (47 

I n  t he  sediment ana l ys i s  presented i n  Table 2.7-78, t o t a l  phosphate 

and some se lec ted  heavy meta ls  i n  sediment samples c o l l e c t e d  from a l l  



the s t a t ions  shown on Figure 6.1-4 in March a re  l i s t e d .  A t  t h i s  point ,  

these data a r e  baseline in nature and wil l  be used fo r  comparison with 

data collected a f t e r  the plant  becomes operational .  However, data from 

the S i t e  confirms the statements made in the f i r s t  paragraph of t h i s  

section.  Levels of t o t a l  phosphate, aluminum, manganese, z inc ,  copper, 

chromium and t o t a l  iron a r e  higher in sediment samples than in overlying 

r i ve r  water. The concentration of the heavy metals i n  Table 2.7-78 not 

discussed here were below the detectable  l imi t s  used i n  the analys is  of 

the  sediment samples . 

2.7.2.4 ECOLOGICAL PARAMETERS 

Biological aquatic communities and populations in the  Clinch River a t  

the S i t e  a r e  described in the following sect ions .  Locations of the  

sampling s t a t i ons  shown in Figures 6.1-2 t o  Figure 6.1-9 and the sampling 

and analys is  procedures shown in Tables 6.1-1 t o  6.1-3 a r e  described in 

Section 6.1. Characterization of the  Clinch River aquatic f l o r a  and 

fauna between r i ve r  miles 15 and 18 i s  based on the r e su l t s  of the 

baseline sampling from March through October, 1974 and on information 

obtained from the  1 i t e ra tu re .  

2.7.2.4.1 BACTERIA 

Fecal and t o t a l  coliform bacterial  counts (32) f o r  the period covering 

June 1967 t o  April 1968 were recorded a t  CRM 79.8 and 23.1 and a r e  pre- 

sented in Table 2.7-61. 

Results of bacter ia l  sampling on March 26, May 29, June 27, July 22, 

August 26 and September 24, 1974, a t  the three sampling locations shown 

i n  Figure 6.1-2 a r e  indicated in Table 2.7-70. Although there  a r e  

some differences in bacter ia l  counts among s t a t i ons ,  these differences 

were l e s s  s ign i f i can t  than the differences between sample times. Stand- 

ard pla te  and t o t a l  coliform counts were elevated on March 26, indicating 



an increase in total bacteria at that time. Elevated fecal coliform 

and fecal streptococcal counts on this same date indicate a substantial 

increase in bacteria of enteric origin. Increase of enteric bacteria 

indicates an increase in contamination by fecal waste of warm blooded 

animals. (48) Bacterial counts recorded by TVA (32) in 1967-68, reflect 

more closely the counts obtained by the baseline survey on May 29 through 

September 24 than on March 26. Only the 3,400 MPN/100 ml of total coli- 

form for October 18, 1967, as recorded by TVA, exceeds the counts 

obtained by the baseline survey. Total coliform, fecal coliform and 

fecal streptococcus counts on July 22 are somewhat elevated, particularly 

at Transect 4-Station 3. However, these elevated values were not as 

great as values observed on March 26. 

Proportionally high fecal streptococcus counts in relation to fecal coli- 

form counts are associated with fecal contamination by farm animals, (48 

as noted in Section 6.1. Therefore, values below one for the fecal 

coliform/fecal streptococcus ratio indicate that a significant portion 

of the wastes received by the river are of livestock origin. Values for 

this ratio on March 26 are 1.5, 0.8 and 1.3 and on July 22 are 0.2, 0.5 

and 1.1. The May 29 samples show ratios of 13.0, 13.0 and 6.6. On other 

dates, counts for fecal coliform and fecal streptococcus are below or 

near the limits of the analysis, so the ratio is not applicable. Bac- 

terial counts for March 26 therefore point to enrichment by agricultural 

run-off. This conclusion is substantiated in part by the results of 

chemical and physical water measurements mentioned in Section 2.7.2.3, 

which indicate that this was a period of high run-off and increased 

sediment load. A similar situation may exist on July 22. Though the 

bacterial cour~ts are influenced by livestock wastes, only Transect 4- 
Station 3 shows more than a modest elevation in bacterial counts. 

Total and fecal coliform counts recorded by TVA (32) and by the baseline 

survey to date are considerably below the maximum allowable limit of 

5,000/100 ml for any one water sample as required by Tennessee Water 

Quality for fish and aquatic life. 



2.7.2.4.2 PHYTOPLANKTON 

A sho r t  bu t  i n t e n s i v e  survey o f  phyto l ank ton  and protozoa was conducted 

by ORNL du r i ng  the  summer o f  1956. (49y Areas sampled inc luded Watts Bar 

Lake below the  access o f  water from the  Oak Ridge area, t he  C l i nch  R iver ,  

i t s  embayments and o the r  lakes and waters i n  t he  East Tennessee area. 

I n  1956, the  C l i nch  R iver  waters, e s p e c i a l l y  from Gal laher  Br idge 

(CRM 14.0) down t o  Watts Bar Dam were l e n t i c  and warm, an extremely 

favorab le  environment f o r  producing l a r g e  phytoplankton and zooplankton 

communities. Lackey i n  1956 (49)  charac ter ized  t h e  p lank ton  community 

from N o r r i s  Dam t o  t h e  mouth o f  White Oak Creek as being "almost barren 

o f  p lankton" .  He a t t r i b u t e d  t h i s  l a c k  o f  p lankton t o  t h e  d ischarge o f  

co ld ,  p lank ton  d e f i c i e n t  water from N o r r i s  Dam. Since t h i s  1956 study, 

t h e  C l i nch  R ive r  system has been a l t e r e d  by t h e  cons t ruc t i on  o f  another 

dam, Melton H i l l  Dam, i n  1963 a t  CRM 23. 

O f  t he  425 species i d e n t i f i e d  du r i ng  the  1956 study, 279 were phytoplankton 

and 146 were protozoa. Resul ts  o f  phytoplankton samples obta ined from 

t h e  C l i nch  R ive r  and adjacent  waters i n  1956 are  shown i n  Tables 2.7-80 

and 2.7-81. Chlorophyta (green-algae) appear t o  be the  dominant group 

based on number o f  genera and species, fo l lowed by Chrysophyta (ye1 low- 

green algae, golden algae and diatoms). B l  ue-green algae, d i n o f l  age1 l a t e s  

and euglenoids were a l s o  found, bu t  t o  a l esse r  ex ten t .  

Although the  r e s u l t s  o f  t h i s  survey add t o  t he  i n fo rma t i on  about t h e  

C l i nch  R ive r  phytoplankton community, the  r e s u l t s  do n o t  d i r e c t l y  apply  

t o  t he  present  base l ine  survey. Comparison i s  d i f f i c u l t  because ORNL 

s tud ied  a l a r g e  sampling area w i t h  many d i ve rse  h a b i t a t s ,  i n c l u d i n g  

CRM 14.0 a t  Ga l laher  Br idge down t o  Watts Bar Dam. Sampling area o f  t h e  

present  aquat ic  mon i to r i ng  program o n l y  encompasses a reg ion  between 

CRM 15.0 and 18.0. 



132 phytoplankton species were collected during the aquatic monitoring 

program a t  the three sampling s ta t ions ,  as  shown in Figure 6.1-2, from 

March 26 t o  September 24, 1974. These species a r e  l i s t e d  i n  Table 2.7-82. 

March samples consisted of 89 t o  98 percent of the  division Chrysophyta 

(mostly diatoms) wi t h  the remaining percent being Pyrrophyta (mostly 

d inof lage l la tes ) ,  Table 2.7-83. From May t o  September, the  divisions 

Chrysophyta and Pyrrophyta were s t i l l  present; however, three  additional 

divisions a l so  appeared during t h i s  period. These three  additional 

divisions were Cyanophyta (bl ue-green a lgae) ,  Euglenophyta (euglenoids) 

and Chlorophyta (green a lgae) .  Table 2.7-84 indicates the four most 

abundant species coll  ected during the March through September sampl ing 

period. 

Total number of organisms per l i t e r  as shown in Tables 2.7-85 through 

2.7-90 do not appear s ign i f ican t ly  d i f f e r en t  between s ta t ions  f o r  a 

par t i cu la r  sampling time. Total numbers of organisms per l i t e r  a t  each 

s ta t ion  from March through September, 1974, ranged from 311,108 t o  

2,940,145. Data in Table 2.7-85 indicates t ha t  the density of phyto- 

plankton species in March was lower than a t  any other sampling time. 

Due t o  the high s i l t  load of the r i ve r  in March, extra  rep l ica te  phyto- 

plankton samples were analyzed t o  adequately determine the  species 

abundance. The low density of the March samples was not a r e s u l t  of 

inadequate sampling b u t  a real  reduction i n  the r i ve r  population a t  

t h i s  time. Factors causing t h i s  small population were probably the 

heavy run-off and high s i l t  concentration combined with the  reduced 

physiological a c t i v i t y  caused by winter temperatures. There has been 

an increase w i t h  a peak i n  July  of the mean t o t a l  number of organisms 

per l i t e r  from March through the summer months. During August and 

September the  abundance of the  phytoplankton community decreased s l i gh t l y .  

Species d ivers i ty  indices for. each sample and fo r  each s t a t i on  from March 

t o  September are  indicated in Tables 2.7-85 through 2.7-90. Diversity 

indices were computed by including the number of c e l l s  i n  the  filamentous 



(most ly  blue-greens) forms and by exc luding these counts. Computed w i t h  

and w i thou t  t he  f i lamentous forms, t he  d i v e r s i t y  i nd i ces  ranged from 

1.28 t o  2.79 and 0.84 t o  2.93, r e s p e c t i v e l y .  I n c l u d i n g  o r  exc luding 

these forms does n o t  s i g n i f i c a n t l y  a l t e r  the  range o f  d i v e r s i t y  values 

observed. D i v e r s i t y  i nd i ces  among s t a t i o n s  f o r  each sampling t ime 

remained r e l a t i v e l y  constant .  Al though the d i v e r s i t y  i nd i ces  f o r  t h e  

March sampling a r e  s l i g h t l y  lower than those o f  o the r  f i e l d  t r i p s ,  t he re  

appears t o  be no s i g n i f i c a n t  d i v e r s i t y  d i f f e rences  between f i e l d  t r i p s .  

Phytoplankton species succession and p a t t e r n  o f  abundance f o r  t h e  March 

through September sampling pe r i od  are  i nd i ca ted  i n  Tables 2.7-83 and 

2.7-84. Percent composit ion o f  major phyla i n  samples, as shown i n  

Table 2.7-83, i n d i c a t e s  t h a t  the  d i v i s i o n  Chrysophyta (most ly  diatoms) 

was abundant i n  samples from March and May, decreased du r i ng  June and 

J u l y  and increased du r i ng  August and September. Bl ue-green a lgae (Cyano- 

phyta)  composed a small p o r t i o n  o f  t he  phytoplankton community i n  May, 

bu t  du r i ng  June and Ju ly ,  they became more numerous and composed the  

g rea tes t  percentage o f  the  samples. I n  August and September, t he  occur- 

rence o f  b l  ue-green a1 gae decreased. Green a1 gae (Chl orophyta ) composed 

a small percentage o f  samples from May t o  Ju ly ,  bu t  increased s i g n i f i c a n t l y  

i n  August and September. Both d i v i s i o n s  o f  Euglenophyta (eugl  enoids) 

and Pyrrophyta (most ly  d i n o f l a g e l  l a t e s )  have occurred i n  most samples, 

bu t  by an extremely low frequency. 

The successional p a t t e r n  observed from March through September, 1974, 

f o l l o w s  the  p a t t e r n  o f  phytoplankton succession which has been observed 

i n  t he  Tennessee area du r i ng  t h e  l a s t  seven years. (50)  I n  summer t h e  

diatoms decrease i n  both number o f  species and percentage o f  species. 

Blue-green algae may increase du r i ng  the  summer b u t  t h i s  increase w i l l  

depend upon r a i n  and r i v e r  water l e v e l s .  A summer inc rease i n  t h e  number 

and percentage o f  green algae i s  a l s o  common. I n  e a r l y  t o  mid-autumn 

blue-green and green algae decrease and the  diatoms become t h e  dominant 

phytoplankton group. Though t h e  r e a l  numbers o f  diatoms decrease i n  the  



winter they s t i l l  compose the g rea tes t  percentage of the population. 

Blue-greens a r e  usually absent in winter but some green algae could be 

present . 

Table 2.7-84 indicates tha t  the four most abundant species from each 

f i e l d  col lect ing t r i p  from March through September, r e f l e c t  the observed 

successional pat terns .  Diatoms were the four most dominant species i n  

May b u t  by midsummer they had been replaced in importance by species of 

blue-green algae. Difference in dominant species was not observed 

between sampling t ransects  w i t h i n  a given sampling time and the dominant 

species l i s t e d  i n  Table 2.7-84, f o r  the most par t ,  r e f l e c t  the dominant 

species a t  each t ransect  within t ha t  time. 

Chlorophyll measurements of phytoplankton samples collected from June 

t o  September a r e  shown in Tables 2.7-91 through 2.7-94. As would be 

expected, concentrations of chlorophyll - a f o r  the majority of samples 

exceeded those of chlorophylls - b and c. Mean concentration of chloro- 
3 phyll a f o r  the month of June was 3.50 mg/m . During July ,  August and 

September, the mean concentrations of chlorophyll a w e r e  2.83, 4.60 and 

5.03 mg/m3,  respectively.  Chl orophyll - a concentrations from June t o  Sep- 
3 tember ranged from 2.20 t o  6.00 mg/m and had a mean concentration o f  

3 3.77 mg/m . These values a re  s imilar  t o  TVA values of approximately 
3 

3 mg/m obtained i n  June t o  September, from a 1967 study a t  Norris 

Reservoir, Tennessee. (51 

Pheophytin - a r a t i o s  a re  computed to  determine the  proportion of the  

chlorophyll - a which can be accounted f o r  by the physiologically inactive 

chlorophyll - a degradation product, pheophytin a. Pheophytin - a content 

r a t i o s ,  based on the  before and a f t e r  ac id i f i ca t ion  optical  density 

readings a t  a wavelength of 663, a r e  presented in Tables 2.7-91 through 

2.7-94. The r a t i o  values ranged from 1.0 to  1.6 w i t h  a mean value of 

1 .3  fo r  the June through September sampling period. According t o  EPA (46) 

a r a t i o  of 1.0 indicates the  presence of only pheophytin a; whereas, a 



r a t i o  o f  1.7 i n d i c a t e s  t h a t  samples a r e  f r e e  o f  pheophyt in  - a. Since a 

mean r a t i o  o f  1.3 i s  a lmost  midway between 1.0 and 1.7,  t h e  phy top lank ton  

popu la t i on  i n  t he  C l i n c h  R i v e r  f rom June through September can be con- 

s idered  as c o n s i s t i n g  o f  decaying and non-decaying i n d i v i d u a l s .  

U n i f o r m i t y  among s t a t i o n s  i n  terms o f  species d i v e r s i t y  and t o t a l  number 

o f  organisms per  l i t e r ,  shown i n  Tables 2.7-85 through 2.7-90 and t h e  

c h l o r o p h y l l  con ten t ,  shown i n  Tables 2.7-91 through 2.7-94 d u r i n g  

each o f  t he  sampl ing t imes i n d i c a t e s  l i t t l e  o v e r a l l  d i f f e r e n c e  i n  phyto-  

p lank ton  among s t a t i o n s .  The cons iderab le  inc rease  i n  t o t a l  number o f  

organisms and t h e  s l i g h t  inc rease  i n  species d i v e r s i t y  i n  May samples 

over  t he  March samples i s  most l i k e l y  a response t o  seasonal p rogress ions  

w i t h  accompanying warmer temperatures. 

2.7.2.4.3 ZOOPLANKTON 

T h i r t y - s i x  species o f  zooplankton were i d e n t i f i e d  and counted by TVA 

f rom samples c o l l e c t e d  by o b l i q u e  tows a t  CRM 17.1 on J u l y  26, 1973. (52)  

Zooplankton sampling s t a t i o n s  a r e  i n d i c a t e d  i n  F igu re  6.1-2; sampling 

and a n a l y s i s  methods a r e  discussed i n  Sec t ion  6.1. A t o t a l  o f  56 zoo- 

p lank ton  species,  shown i .n Table 2.7-95, were i d e n t i f i e d .  S ix teen  o f  

these species were ar thropods and 40 were r o t i f e r s .  I n  a d d i t i o n ,  seve ra l  

immature forms and o t h e r  organisms were p resen t  which cou ld  n o t  be 

i d e n t i f i e d  t o  species l e v e l .  Sampling data,  i n  Tables 2.7-96 through 

2.7-106, f o r  t h e  p e r i o d  o f  March through October, 1974, demonstrate t h a t  

R o t i f e r a ,  as i s  t h e  case i n  most f l o w i n g  systems, was t h e  most abundant 

and d i v e r s e  group. Members o f  t h e  o rders  Cladocera and Copepoda compose 

n e a r l y  t h e  e n t i r e  a r th ropod popu la t i on .  

Summaries o f  t he  number o f  zooplankters  pe r  l i t e r  i n  bo th  tow and pump 

samples f rom March through October a re  presented i n  Tables 2.7-107 and 

2.7-108. H ighes t  d e n s i t i e s  recorded f rom bo th  towing and pumping samples 



were recorded i n  May. Lowest zooplankton d e n s i t i e s  were recorded dur ing  

the  March sampling t r i p .  Densi ty  values dec l ined i n  June bu t  increased 

again i n  J u l y  and August, Tables 2.7-107 and 2.7-108. A comparison o f  

t ransec t  values i n  Table 2.7-107 i nd i ca tes  t h a t  though the  h ighes t  

mean dens i t y  occurred a t  Transect 4, there  i s  n o t  a s i g n i f i c a n t  d i f f e r e n c e  

among t ransec ts .  The mean value a t  Transect 4 i s  l a r g e  because o f  t he  

h igh  dens i t y  recorded i n  May b u t  the  g rea tes t  v a r i a t i o n  i n  data occurs 

between sampling dates and n o t  between t ransec t  values. 

Zooplankton d e n s i t i e s  f o r  pumped samples, i n  Table 2.7-108 show' s t rong 

v e r t i c a l  s t r a t i f i c a t i o n  i n  the  J u l y  23 samples. Other sampling per iods 

show a l e s s  pronounced s t r a t i f i c a t i o n  and do n o t  show s i g n i f i c a n t  d i f f e r -  

ences between t ransec ts .  The reduced sur face dens i t i es  a t  Transect 1 i n  

June and J u l y  a re  probably n o t  caused by t r u e  t ransec t  d i f f e rences  b u t  

a re  the  r e s u l t  o f  t he  v a r i a b l e  d i s t r i b u t i o n  o f  zooplankton i n  a r i v e r  

environment. Mean values f o r  pump samples i n  t he  water column suggest 

t h a t  some v e r t i c a l  s t r a t i f i c a t i o n  does occur. The sur face samples average ', 

two t o  f o u r  t imes greater  than the bottom samples. 
3 

2 

Arthropods species show l i t t l e  v e r t i c a l  s t r a t i f i c a t i o n ,  Table 2.7-109, 

b u t  R o t i f e r a  species show an increase i n  numbers o f  i n d i v i d u a l s  i n  the  

sur face samples from J u l y  23. 

A f t e r  t he  J u l y  23 pumping samples demonstrated t h a t  t he  zooplankters 

could be s t r a t i f i e d  i n  the  water column, sur face tow samples were i n i -  

t i a t e d  t o  q u a n t i f y  the  type and number o f  p lankton i n  the  sur face layers .  

Resul ts  o f  a se r ies  o f  sur face tows from September 26 a re  shown i n  

Table 2.7-106. A comparison o f  t h i s  data, as shown i n  Table 2.7-109, 

w i t h  the  v e r t i c a l  tow samples from September 26 i nd i ca tes  t h a t  t he  

Arthropod d i s t r i b u t i o n  i n  the  sur face tows i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

from the  d i s t r i b u t i o n  i n  the  v e r t i c a l  tows. R o t i f e r a  species, predomi- 

n a n t l y  Kerate l  l a  e a r l  inae, Po lyar th ra  vu l  g a r i s  and Kerate l  l a  coch lear is  , 
are  most abundant i n  the  sur face tows and cause the  sur face tow dens i t y  



t o  average tw i ce  t h e  v e r t i c a l  tow d e n s i t y .  Dominant organisms from t h e  

sur face  tows a r e  shown i n  Table 2.7-110. 

Tables 2.7-110, 2.7-111 and 2.7-112 show the  most abundant organisms o f  

each taxonomic group on each c o l l e c t i o n  date.  Dominant c ladocerans, 

Bosmina l o n g i r o s t r i s  and Diaphanosoma leuchtenberqianum, were abundant 

i n  a l l  t h e  samples c o l l e c t e d .  Bosmina d e n s i t y  was g r e a t e s t  i n  t h e  May 

and June samples. Daphnia r e t r o c u r v a  was p resen t  i n  a l l  samples and was 

o c c a s i o n a l l y  one o f  t h e  most abundant species.  Naupl ius l a r v a e  and 

c y c l  opo id  copepodids , both  immature forms, a r e  t h e  most abundant groups 

o f  copepods and a r e  p resen t  i n  a l l  samples. Several d i f f e r e n t  species 

o f  r o t i f e r s  were abundant a t  va r ious  t imes d u r i n g  t h e  sampl ing pe r i od .  

Only Po l ya r t h ra  v u l g a r i s ,  Conochi lus u n i c o r n i s  and species o f  t he  genus 

Synechaeta seem t o  be c o n s i s t e n t l y  abundant. I n  genera l  va r i ous  species 

o f  r o t i f e r s  were much more abundant than  t h e  cladocerans and copepods. 

Popu la t ion  peaks i n  May and August a r e  p r i m a r i l y  t h e  r e s u l t  o f  increases 

i n  t he  number o f  r o t i f e r s .  

Tables 2.7-113 and 2.7-114 show t h e  d i v e r s i t y  i n d i c e s  f o r  each sample 

c o l l e c t e d  by v e r t i c a l  towing and pumping, w i t h  t h e  mean d i v e r s i t y  index 

c a l c u l a t e d  f o r  each c o l l e c t i o n  da te  and sampling s t a t i o n .  Mean d i v e r s i t y  

i nd i ces  a r e  seen t o  be h i ghe r  f o r  samples c o l l e c t e d  i n  June, J u l y ,  August 

and September than f o r  those samples c o l l e c t e d  i n  March and May. There 

appear t o  be no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  mean i n d i c e s  f o r  t h e  

t h r e e  sampling l o c a t i o n s .  

The o n l y  s tudy  o f  zooplankton i n  t h e  S i t e  area which i s  comparable t o  

samples c o l l e c t e d  f rom March through September, 1974, was conducted by 

T V A ' ~ ' )  a t  CRM 17.1 on J u l y  26, 1973. Data c o l l e c t e d  a t  t h a t  t ime,  as 

shown i n  Table 2.7-115 i s  comparable i n  terms o f  numbers and spec ies t o  

t h a t  c o l l e c t e d  i n  t h e  s p r i n g  and summer months o f  1974. 



Species o f  each o f  the major groups found dur ing  the  basel ine survey i n  

the  study area a re  t y p i c a l  o f  the  hard-water zooplankton found through- 

out  the TVA system. Data c o l l e c t e d  charac ter ize  the  study area as being 

a t y p i c a l ,  f a i r l y  c lean f low ing system. Species composit ion and abund- 

ance o f  zooplankton i n  the  study area a re  p r i m a r i l y  dependent on r e c r u i t -  

ment from Melton H i l l  Reservoir  and on displacement from "dead" areas, 

such as creeks and backwaters, w i t h  l i t t l e  o r  no f low.  This  i s  due t o  

the  f a c t  t h a t  f l ow ing  r i v e r  systems are  n o t  conducive t o  t h e  development 

o f  s tab1 e zooplankton communities. Zooplankton concentrat ions and compo- 

s i t i o n  i n  t h e  study area need n o t  r e p l i c a t e  those i n  the  r e s e r v o i r  because 

the  zooplankton tend t o  s t r a t i f y  i n  the  l i m n e t i c  h a b i t a t s  o f  the  reser -  

v o i r  and the  dam discharge may n o t  inc lude a l l  o f  the  s t r a t a .  I n  addi-  

t i o n ,  the "dead" areas may make con t r i bu t i ons  t o  the zoo lank ton  popu la t ion  

i n  the  r i v e r s ,  e s p e c i a l l y  dur ing  per iods o f  low f l ow .  (537 

Seasonal v a r i a t i o n  o f  t h e  C l i nch  R ive r  zooplankton popu la t ion  should show 

a p red i c tab le  pa t te rn .  R o t i f e r s  a re  observed t o  be dominant and q u i t e  

abundant du r ing  e a r l y  spr ing  and summer, b u t  a re  expected t o  reach t h e i r  j 
lowest  d i v e r s i t y  and abundance dur ing  the  co lder  months. Cladocerans a re  

abundant from March through October and copepods are  expected t o  be 

present  dur ing  most o f  the  year,  though n o t  r e a l l y  abundant, except i n  

t he  warmer months. (53) Data c o l l e c t e d  t o  date f o l l o w  t h i s  p a t t e r n  o f  

seasonal zooplankton v a r i a t i o n .  

2.7.2.4.4 PERIPHYTON 

Locat ions o f  per iphyton sampling s t a t i o n s  are  i nd i ca ted  i n  F igure  6.1-3; 

sampl i n g  and ana lys i s  procedures a r e  described i n  Sect ion 6.1 . 

Sampling o f  the  per iphyton community invo lved the  determinat ion o f  p e r i -  

phyton species abundance, dominant species and community biomass dur ing  

the  four seasons of t he  basel ine study. An attempt was made t o  main ta in  

s i m i l a r  exposure per iods f o r  the  p lex ig lass  per iphyton c o l l e c t i o n  so t h a t  



seasonal comparisons cou ld  be made. A sampling p e r i o d  o f  f o u r  weeks was 

i n i t i a l l y  se lec ted  f o r  t he  March exposures b u t  t h i s  was shortened t o  

two weeks f o r  t h e  May samples. Subsequent exposure per iods  were approx i -  

ma te l y  f o u r  weeks. Species enumeration per  square cen t imete r  f rom s l i d e s  

c o l l e c t e d  f rom March through October a r e  shown i n  Tables 2.7-116 through 

2.7-121. Though May 1 sampling da ta  i s  f o r  a two week p e r i o d  i t  i s  

inc luded  i n  t h e  comparison Table 2.7-122 because t h i s  data demonstrates 

t h e  seasonal p rogress ion  i n  species and abundance observed i n  t h e  C l i n c h  

R i ve r .  Because o f  t he  i n a b i l i t y  t o  o b t a i n  samples a t  Transect  1 i n  

e a r l y  May, two samples f rom t h i s  t r a n s e c t  were c o l l e c t e d  on May 29 which 

a r e  n o t  comparable by t r a n s e c t  o r  exposure t ime  t o  any o t h e r  samples. 

Data f rom these samples a r e  presented i n  Table 2.7-118 b u t  a r e  n o t  used 

i n  any o f  t h e  subsequent comparisons o r  d iscuss ions .  

Per iphy ton  species t h a t  were c o l l e c t e d  f rom March 26 t o  October 23, 1974, 

a r e  l i s t e d  i n  Table 2.7-123. F i v e  Phyla were represented i n  t h e  123 

species and v a r i e t i e s  c o l l e c t e d  from March through October. The g r e a t e s t  

number o f  these, 65 species and 4 v a r i e t i e s  belonged t o  t h e  phylum Chry- 

sophyta and were mos t l y  diatoms. Other phy la  were represented by 28 

species o f  Chlorophyta (green a lgae) ,  24 species o f  Cyanophyta (b l ue -  

green a lgae)  and one species each o f  Euglenophyta (eug leno ids )  and 

Pyrrophyta ( d i n o f l  age1 1 a tes )  . 

To ta l  number o f  organisms per  square cen t imete r  a t  each sampl ing s t a t i o n  

and t h e  mean o f  these va lues a r e  presented i n  Table 2.7-122. Mean number 

o f  a l g a l  c e l l s  c o l l e c t e d  on p l e x i g l a s s  samples increased f rom a low o f  

112,004 i n  March t o  a h i g h  o f  3,955,428 i n  October. S t a t i o n  and sample 

v a r i a t i o n  e x i s t e d  f o r  each sampling p e r i o d  b u t  t h i s  v a r i a t i o n  does n o t  

appear t o  be s i g n i f i c a n t .  A l l  s t a t i o n s  demonstrated t h e  p a t t e r n  o f  low 

d e n s i t i e s  i n  l a t e  w i n t e r  t o  e a r l y  s p r i n g  and o f  h i g h  d e n s i t i e s  i n  l a t e  

summer t o  e a r l y  f a l l .  S t a t i o n  v a r i a t i o n s  encountered d u r i n g  t h e  sampl ing 

p e r i o d  were caused by a h i gh  number o f  a few dominant species.  V a r i a t i o n s  

i n  March, June, August and October were caused r e s p e c t i v e l y  by h i g h  numbers 



of Gomphonema olivaceum, Oscillatoria geminata, Eunotia exigua and 

Oscil la tor ia  amphi bia. Sample variation, especially Sample B a t  Tran- 

sect 4 in October, i s  greatly influenced by the number of Cyanophyta 

because the filamentous blue-green algae are reported as the number of 

ce l l s  in the filaments. 

Species diversity indices were computed from the species and variet ies  of 

periphyton collected in samples from each s tat ion from March through 

October and are  indicated in Tables 2.7-1 16 through 2.7-121 . Diversity 

indices were calculated including , as we1 1 as excluding , the f ilamentous 

a1 gae (mostly bl ue-greens) because of the variations that  f i l amentous 

algae cause. During the sampling period, values ranged from 0.79 to  2.69 

when including filamentous algae and from 0.37 to  2.81 when excluding 

filamentous algae. No apparent species diversity differences have been 

observed among sampling s tat ions or among sampling t r ip s .  

Percent composition of samples by phyla based on species number and mean 

number of organisms per square centimeter by phyla from March through 

October are presented in Tables 2.7-1 24 and 2.7-125, respectively. Results 

in Table 2.7-124 demonstrate a pattern of succession and abundance in 

which the percentage of Chrysophyta (mostly diatoms) have decreased from 

March through October, while the Cyanophyta (blue-green algae) have 

increased. As shown in Table 2.7-125 the Chrysophyta reach a high density 

early in the spring and maintain the i r  abundance through the summer while 

Cyanophyta increase in number during the summer and reach the i r  peak 

in October. These resul ts  agree f a i r l y  well with the expected pattern 

of abundance and succession which has been observed in periphyton studies 

in the Tennessee area over the l a s t  seven years. (50) This expected 

pattern i s  a summer increase in blue-green algae and a decrease in per- 

centage of diatom species. The proposed fall-winter pattern i s  a decrease 

in green algae and blue-green algae and a possible increase in diatoms. 

In winter, diatoms should dominate the periphyton community while blue- 

greens will be absent and green algae will be present in small amounts. 



Table 2.7-126 i n d i c a t e s  the  f o u r  most abundant species determined by 

t h e  t o t a l  number o f  organisms per square cent imeter  on each f i e l d  t r i p  

and on a  c e l l  bas is ,  r a t h e r  than on a  f i l amen t  bas is  f o r  the  blue-green 

algae. These dominants show the  importance o f  diatom species i n  t he  

March samples and gradual replacement o f  diatoms by t h e  blue-green a lgae 

and green algae species i n  the  l a t e r  samples. 

Resul ts  o f  c h l o r o p h y l l  a ana lys i s  and pheophyt in a conten t  r a t i o  f o r  

samples c o l l e c t e d  from May through October a re  i n d i c a t e d  i n  Tables 2.7-1 27 

through 2.7-130. Organisms o f  t he  f i v e  d i v i s i o n s  o f  per iphy ton  (Chloro- 

phyta, Chrysophyta , Cyanophyta , Eugl enophyta and Pyrrophyta)  c o l l  ected 

du r i ng  the  sampl i n g  per iod,  con ta in  t he  green pigment, c h l o r o p h y l l  a. 
Ch lorophy l l  b i s  o n l y  present i n  Euglenophyta and Chlorophyta, w h i l e  

ch lo rophy l l  c i s  present  i n  Chrysophyta and Pyrrophyta. (''g5') ~ o n c e n -  

t r a t i o n s  o f  c h l o r o p h y l l  5, as would be expected were h igher  than those 

o f  ch lo rophy l l  b a n d  f o r  t he  e n t i r e  sampling per iod .  Mean values o f  

ch lo rophy l l  a f o r  samples taken i n  May, June, August and October were 
2  39.30, 9.92, 8.41 and 55.76 mg/m , respec t i ve l y .  Ch lo rophy l l  b a n d  c 

values a l s o  fo l lowed t h i s  p a t t e r n  o f  decreasing concentrat ions from May 

t o  August and an increase i n  October. Mean number o f  organisms per  

square cent imeter  c o l l e c t e d  on each f i e l d  t r i p ,  i n d i c a t e d  i n  Table 2.7-122, 

c o r r e l a t e  w i t h  t he  inc reas ing  concentrat ions o f  c h l o r o p h y l l  f rom August 

through October. While t he  mean t o t a l  number o f  organisms from August 

t o  October increased twofo ld,  t he  numbers o f  Cyanophyta (blue-greens) 

increased by a  f a c t o r  o f  f ou r .  Increases i n  number o f  i n d i v i d u a l s  a r e  

n o t  d i r e c t l y  comparable t o  increase i n  c h l o r o p h y l l  con ten t  f o r  severa l  

reasons. I n  a d d i t i o n  t o  the  increase o f  Chlorophyta (green a lgae)  noted 

i n  Table 2.7-125, t he re  were a l s o  several  clumps o f  f i lamentous green 

algae c o l l e c t e d  i n  October samples which cou ld  n o t  be broken apar t ,  and 

there fo re ,  a re  n o t  enumerated. Likewise, Table 2.7-126 shows t h a t  i n  

October, the  green algae, Rhizoclonium fontanurn, i s  one o f  t he  f o u r  most 

abundant species. Th is  i s  a  l a r g e  species and an increase i n  i t s  abund- 

ance would be respons ib le  f o r  a  g rea te r  increase i n  c h l o r o p h y l l  - a and - b 

than a  s i m i l a r  numerical increase i n  a  smal le r  species. 



Pheophytin a content  r a t i o s  presented i n  Tables 2.7-1 27 through 2.7-1 30 

are  suggested by the  EPA as a  means o f  determining the  amount o f  ch lo ro-  

p h y l l  - a degradat ion product which i s  present i n  the ch lo rophy l l  a f r a c t i o n  

o f  a  sample. This  degradat ion product,  pheophytin - a, i s  n o t  phys io log i -  

tally a c t i v e  and does n o t  f u n c t i o n  i n  photosynthesis b u t  has an absorpt ion 

peak i n  the same reg ion  as ch lo rophy l l  a. Ch lorophy l l  - a measurements 

based on o p t i c a l  dens i t y  readings a t  a  wavelength o f  663 r e p o r t  both 

ch lo rophy l l  - a and pheophytin - a contents; the  pheophytin r a t i o  i s  computed 

t o  determine the  amount o f  phys io lo  i c a l  l y  a c t i v e  ch lo rophy l l  5 a c t u a l l y  

i n  the sample. According t o  EPA(463, a  r a t i o  o f  1.0 i nd i ca tes  the  pre-  

sence o f  on l y  pheophytin - a, whereas, a  r a t i o  o f  1.7 i nd i ca tes  t h a t  t he  

samples are  f r e e  o f  pheophytin - a. Communities w i t h  r a t i o s  o f  1.7 a re  

considered by the  EPA t o  con ta in  i n t a c t  non-decaying i n d i v i d u a l s .  

Pheophytin a content  r a t i o s  of samples co l  1  ected from May t o  October 

were r e l a t i v e l y  constant  and ranged from 1.17 t o  1.80. EPA (56)  has con- 

f i rmed t h a t  values above 1.7 have been repor ted  from several per iphyton 

communities bu t  these h igh  values a re  d i f f i c u l t  t o  i n t e r p r e t  a t  t he  

present  t ime. The mean pheophytin - a value from May, June, August and 

October samples, exc luding values greater  than 1.7, was 1.6. Mean o f  

a l l  t he  pheophytin a r a t i o s ,  i n c l u d i n g  values greater  than 1.7, was 1.64. 

These r e l a t i v e l y  h igh  values suggest t h a t  dur ing  the  sampling pe r iod  t h e  

per iphy ton  community consis ted predominantly o f  non-decaying photo- 

s y n t h e t i c a l l y  a c t i v e  i n d i v i d u a l s .  

Tables 2.7-127, 2.7-128 and 2.7-129 con ta in  r e s u l t s  o f  ash f r e e  d r y  

weight and auto t roph ic  index analyses o f  samples c o l l e c t e d  from May t o  

August. The auto t roph ic  index i s  a  r a t i o  expressing the  r e l a t i o n s h i p  o f  

biomass t o  ch lo rophy l l  a. This index may increase as the  biomass o f  

he tero t roph ic ,  non-chlorophyl lous organisms increases as a  r e s u l t  o f  t he  

discharge o f  non- tox ic  organic wastes i n t o  sur face waters. (57)  Also, an 

au to t roph ic  index increase could poss ib l y  show the  e f f e c t  o f  increased 

water temperatures. A mean auto t roph ic  index value o f  233 was obta ined 

f o r  samples taken dur ing  t h i s  per iod.  EPA has suggested t h a t  values 



greater than 100 may indicate the presence of organic materials. (46) 

Factors such as leaf litter and high silt concentration from heavy run- 

off may have influenced the autotrophic indices. Ash-free dry weight 
2 

measurements taken from May to August ranged from 736 to 4,625 mg/m . 

Periphyton investigations including autotrophic index analyses, have 

been done in 1966, 1968 and 1970 by TVA on the Green River in Kentucky. (58 1 

However, it is impractical to compare TVA autotrophic index values to 

those of the Clinch River baseline surveys since the formula and analysis 

procedures used to calculate these indices varies between the two studies. 

2.7.2.4.5 BENTHIC MACROINVERTEBRATES 

Benthic macroinvertebrates (benthos) were sampled by dredging and use of 

artificial substrates. Procedures used in sampling and analysis are 

discussed in Section 6.1 and listed in Tables 6.1-1 to 6.1-3; sampling 

locations are indicated in Figures 6.1-4 and 6.1-5. 

Macroinvertebrates collected by dredging included the mollusks, annelids, 

flatworms and insects 1 i sted in Table 2.7-1 31. Insects (primarily 

Chironomidae) were the dominant group in terms of total number of species 

collected and comprised over 50 percent of those species listed in 
Table 2.7-131. Tables 2.7-132 through 2.7-137 indicate the type and 

number of organisms collected at each station from March, 1974 through 

September, 1974. Table 2.7-1 38 contains the re1 ative abundance of each 

species collected during the March through September sampling period. 

Abundance of individuals from eight taxonomic groups during the early 

spring to early fall period are listed in Table 2.7-139. This table 

demonstrates the development and seasonal change in the Clinch River 

benthic community. Seasonal variation in populations is shown by the 

lower number of individuals in the March samples and the higher numbers 

collected in the summer samples. Though the Diptera, Annelida and 

Mollusca are present as dominants in all the samples, the Coelenterata 



was a dominant o n l y  i n  the May and August samples because o f  the  r a p i d  

increases and dec l ines  o f  the  Hydra popu la t ion  du r ing  the  sampling per iod .  

Densi ty  o f  benth ic  organisms per square meter ranged from a low o f  75 i n  

March t o  a h igh  o f  467 i n  May when Hydra was most p l e n t i f u l  and t o  a h igh  

o f  338 i n  September when Corbicula was most p l e n t i f u l .  

Three dominant species from dredged samples c o l l e c t e d  du r ing  each c o l -  

l e c t i n g  t r i p  a re  l i s t e d  i n  Table 2.7-140. Corbicula was a dominant 

organism throughout the  sampling per iod.  High numbers o f  Hydra i n  t he  

June 1 and August 26 t o  28 samples made Hydra a dominant species f o r  

these samples. Annel id  i n d i v i d u a l s  were common throughout t he  summer 

and the  t u b i f e x  worm, L imnodr i lus,  was a dominant species from June t o  

September. Though Chironomi dae were numerous i n  a1 1 samples o n l y  

Polypedi 1 um (sca l  aenum type)  i n  March and Glyptotendi  pes i n  September 

were found i n  abundance great  enough t o  make them a dominant species 

f o r  these samples. 

D ip teran i n d i v i d u a l s  reached t h e i r  maximum abundance i n  May, remained 

abundant through J u l y  and then dec l ined i n  August and September. Annelida 

a t t a i n e d  a popu la t ion  peak i n  May, then dec l ined i n  J u l y  b u t  a t t a i n e d  

another peak i n  September. Mol lusks, predominant ly t he  clam Corbicula,  

e x h i b i t e d  the  two popu la t ion  peaks t h a t  were c h a r a c t e r i s t i c  o f  t he  o the r  

dominant groups. Tab1 e 2.7-141 , conta in ing  s i z e  frequencies, and 

Table 2.7-142, conta in ing  percent  composit ions o f  clam lengths  taken 

from Tables 2.7-143 through 2.7-148, i n d i c a t e  t h a t  t he  e a r l y  June and 

l a t e  summer increases i n  the  clam populat ions represent  t he  increase i n  

small clams which were spawned i n  May and du r ing  the  summer months. 

Species d i v e r s i t y  ind ices ,  shown i n  Table 2.7-149, p o i n t  o u t  t h e  low 

d i v e r s i t y  o f  benth ic  macroinvertebrates i n  the  study area du r ing  the  

sampling per iod.  These r e s u l t s  agree w i t h  the  TVA (59) f i n d i n g s  t h a t  

benth ic  populat ions were "sparse" between CRM 10 and 22. D i v e r s i t y  

values a t  sampling s t a t i o n s  ranged from 0.00 a t  s t a t i o n s  where o n l y  



Corbicula was present to 1.90 at a station containing a number of anne- 
1 ids and dipterans in addition to Corbicula. Table 2.7-149 indicates 

that no significant benthic diversity differences occur among transects 

in the study area. 

One factor which significantly affects the distribution of macroinverte- 

brates in the aquatic environment is substrate type. (46) Distribution 

of four taxonomic groups of benthic macroinvertebrates is related to 

sediment particle size composition in Table 2.7-150. For comparison 

purposes the sediment types in the Clinch River have been grouped into 

gravels (>5.6 to 1 .7 mm) , sands (1.7 to 0.25 mm) and fine sands (0.25 
to 0.075 mm) based on the analyses of sediment samples as shown in 

Tables 2.7-73 through 2.7-77. Organisms from each sampling station 

have been grouped by the sediment size which was identified as composing 

the greatest percentage by weight of a sediment sample from that station. 

Annelid species, primarily Limnodrilus, were dominant in the fine sand 

sediments. Corbicula is widely distributed but is the dominant organism 

in the coarse to medium sand substrate type. Coelenterates, populations 

of Hydra, show a peak of abundance and dominance in the gravel substrate 

in June. 

Macroinvertebrate biomass was expressed as composite blotted and ash-free 

dry weight and further subdivided as percent of biomass in terms of 

Corbicula alone and as "all other organisms". In all measurements, the 

Corbicula with the shell were used. Biomass recorded for dredge samples 

from each station during the March through October sampling period is 

shown in Tables 2.7-151 through 2.7-156. A comparison of transect results 

for each sampling date in Table 2.7-157 shows that biomass varied greatly 

at all transects but that transect differences were not significant; 
2 Mean biomass values for each sampling date ranged from 4,913 to 991 mg/m . 

This variation is mainly the result of the presence or absence of clams. 

When present, Corbicula averaged 90.8 percent of the ash-free dry weight 
2 of a sample. Samples with clams ranged from 11,400 to 2 mg/m but samples 

2 without clams ranged from 92 to 0 mg/m . 



Macroinvertebrate species c o l l e c t e d  on a r t i f i c i a l  subs t ra te  samples 

recovered from June through September are  l i s t e d  i n  Table 2.7-158. 

Fo r t y - fou r  species were i d e n t i f i e d  from seven classes o f  inver tebra tes  

w i t h  d ip te ran  species, predominantly Chironomid larvae,  represent ing  

over 50 percent o f  the  t o t a l  species. The number o f  i n d i v i d u a l s  o f  each 

species f o r  each exposure per iod  a re  i nd i ca ted  i n  Tables 2.7-159 through 

2.7-162. Data on the  abundance o f  the  s i x  major taxonomic groups a re  

summarized i n  Table 2.7-163. Dipteran species were most abundant and 

a dominant organism on samplers c o l l e c t e d  i n  Ju l y .  D ip teran numbers 

decreased i n  August and September samples b u t  o n l y  Hydra were more 

abundant than the d ipterans.  Annelida, ma in ly  - Nais, were the  second 

most abundant i n d i v i d u a l  s on J u l y  samplers b u t  t h e i r  numbers decreased 

s i g n i f i c a n t l y  i n  August and then increased again i n  September. I n  Ju ly ,  

the  anne l i d  S t y l a r i a  was i d e n t i f i e d  as q u i t e  common on one sampler a t  

Transect 4 b u t  was n o t  c o l l e c t e d  again du r ing  the  sampling per iod.  

Tr ichopteran species, predominant ly Psychomyiid -- Genus A, increased t o  a 

maximum on the  September samplers. Mollusks, the  genus Corbicula, 

increased through the  summer months and s i z e  frequency tab les  i n d i c a t e  

t h a t  popu la t ion  increases were caused by summer spawnings. Coelenterate 

populat ions f o l l  owed the  p a t t e r n  o f  r a p i d  increase and dominance t h a t  

were observed i n  t he  dredge samples. 

Comparison o f  the  most abundant species by t ransec t  i s  presented i n  

Table 2.7-164. Hydra were present  on a l l  samplers dur ing  the  summer 

and were the most abundant i n d i v i d u a l s  on the  samplers c o l l e c t e d  i n  

August and September. Nais was the most common anne l i d  and was found 

i n  s i m i l a r  numbers a t  the  th ree  t ransects.  Dicrotendipes was the  

dominant chironomid species on a r t i f i c i a l  substrates and i t s  dens i t y  

was very constant  throughout the  summer. Glyptotendipes was a chironomid 

t h a t  was abundant on the  samplers recovered i n  J u l y  b u t  was n o t  commonly 

found l a t e r  i n  t he  summer. The Tr ichopteran Psychomyiid -- Genus A f i r s t  

appeared as a dominant on the  August samplers and i t s  number had increased 

on the  September samplers. Corbicula a l so  increased i n  abundance on 



samplers recovered l a t e r  d u r i n g  t h e  summer. Co rb i cu la  and Hydra were 

t he  o n l y  species which e x h i b i t e d  t r a n s e c t  d i f f e r e n c e s .  Co rb i cu la  was 

found most c o n s i s t e n t l y  and i n  g r e a t e s t  numbers on t h e  subs t ra tes  a t  

Transect  4. Hydra was l e a s t  abundant a t  Transect  4  i n  each o f  t h e  t h r e e  

sampl i n g  per iods  . 

Though t he  popu la t i ons  on t he  a r t i f i c i a l  subs t ra tes  do n o t  r ep resen t  t h e  

ben th ic  popu la t i on  found by dredging, these subst ra tes,  because o f  t h e i r  

exposures, can be used t o  compare c o n d i t i o n s  and popu la t i ons  f rom d i f -  

f e r e n t  t r ansec t s  i n  t h e  s tudy  area. Comparison o f  Tables 2.7-131 and 

2.7-158 shows t h a t  28 o f  t h e  44 species c o l l e c t e d  on subs t ra tes  were 

a l s o  found i n  t h e  dredge samples. A r t i f i c i a l  subs t ra tes  show t h a t  t h e  

g r e a t e s t  number o f  Co rb i cu la  and Psychomyiids occur i n  September because 

o f  an inc rease  i n  t h e  r e c r u i t m e n t  o f  these species over  t h e  summer and 

n o t  because o f  dredge sample v a r i a t i o n s .  

Biomass de te rmina t ions  f o r  a r t i f i c i a l  subs t ra tes  i n  t h e  f o u r  sampl ing 

per iods  a r e  presented i n  Tables 2.7-165 through 2.7-168. A comparison 

o f  these biomass r e s u l t s  by t r a n s e c t  and sampling da ta  a r e  shown i n  
2  

Table 2.7-169. Biomass values range f rom 874 t o  152 mg/m b u t  t he  

v a r i a t i o n  among t r ansec t s  does n o t  appear s i g n i f i c a n t .  Mean biomass 
2 2 increased f rom 397.2 mg/m i n  J u l y  t o  723.2 mg/m i n  September. 

Species d i v e r s i t y  i n d i c e s  f o r  a r t i f i c i a l  subs t ra tes  a r e  g i ven  i n  

Tables 2.7-160, 2.7-161 and 2.7-162, and these d i v e r s i t y  va lues a r e  

compared by t r a n s e c t  and sampling da te  i n  Table 2.7-170. Values were 

h i ghe r  than those repo r ted  f rom dredge samples and they  ranged f rom 

1.9 t o  0.36. The h ighes t  values were recorded f rom J u l y  samplers. 

Lowest d i v e r s i t y  i n d i c e s  were recorded on samplers c o l l e c t e d  i n  August 

because o f  t h e  l a r g e  number o f  Hydra p resen t  on these samplers. 

Immature stages o f  t he  d i p t e r a n  f a m i l y  Chironomidae (chironomids, midges 

and bloodworms) a re ,  as a group, one o f  t h e  most s e n s i t i v e  b i o l o g i c a l  



indicators of water quality. Members of this family have wide ranging 

environmental requirements and habitat preferences, abundant standing 

crop and large species diversity, cosmopolitan distribution and distinc- 

tive morphological differences. (60 ) Chi ronomi dae have been i ncorpora ted 

into an EPA (46) table which divides benthic macroinvertebrates into 
tolerant, facultative and intolerant members on the basis of tolerance 

to decomposable organic wastes. To1 erant organisms are described as 

those frequently associated with gross organic contamination and being 

capable of thriving under anaerobic conditions. Facultative organisms 

are those having a wide range of tolerance and are frequently associated 

with moderate levels of organic contamination. Intolerant organisms are 

those not found associated with even moderate levels of organic contami- 

nation and are generally intolerant of even moderate reductions of 

dissolved oxygen. Because tolerant species can be found in both clean 

and polluted water their presence or absence is of little value. Pre- 

sence of intolerant organisms, even in small numbers, is positive evidence 

that only one condition, clean water, exists. (46 ) 
Ten members of the family Chironomidae, listed by the EPA (46) as being 

intolerant to decomposable organic wastes, were collected in benthic 
dredge samples, see Tables 2.7-171 through 2.7-176. At least one of 

these indicator species was found at each transect during the sampling 

period. Eight species classified as intolerant were collected on the 
artificial substr.i.tes, Tables 2.7-171, 2.7-177, 2.7-178 and 2.7-179. 

This is strong evidence that the survey area, CRM 15 to 18, is not 

widely contaminated with decomposable organic waste. 

Corbicula, in terms of biomass, is the dominant benthic macroinvertebrate 

in the study area as shown in Tables 2.7-151 through 2.7-156. Very 

little is known about the usage of this clam as a food item for other 

organisms; however, piles of empty shells along the shoreline are common 

and imply that it is being used for food by other animals. Fish food 

preference Tables 2.7-205 and 2.7-206 in Section 2.7.2.4.9 indicate 

that Corbicula may be a common food of carp and smallmouth buffalo. 



The f o l l o w i n g  i n fo rma t i on  about Corb icu la has been obta ined from t h e  

study and l i t e r a t u r e  review o f  S i n c l a i r  and Isom. (61 ) Corb icu la,  commonly 

r e f e r r e d  t o  as the  A s i a t i c  clam, i s  an in t roduced mol lusk i n  t h i s  count ry .  

I t  was f i r s t  discovered i n  t he  Western Hemisphere i n  t he  Columbia River ,  

Washington Sta te  i n  1938. (61*) By 1963 i t  had spread over v i r t u a l l y  

t he  e n t i r e  Tennessee R iver  and lower Cumberland Basins. Taxonomy o f  t h i s  

clam i s  complex and i t  appears t h a t  t h e  Tennessee R ive r  Corb icu la a re  

o f  one species. Spawning t ime f o r  t h i s  clam i n  Tennessee i s  J u l y  through 

November w i t h  the  e a r l i e r  l a r v a l  stage being f r e e - f l o a t i n g  fo l lowed by 

a benth ic  stage. Corb icu la  i n  Tennessee feeds on phytoplankton and does 

n o t  appear t o  be very  subs t ra te  se lec t i ve .  From an economic v iewpo in t  

t h e  clam i s  considered t o  be a l i a b i l i t y .  Larvae can be drawn i n t o  

water in takes  and cause f o u l i n g  problems. TVA steam p l a n t s  have exper- 

ienced such problems and a re  a t tempt ing  t o  remedy the  f o u l i n g  by c h l o r i -  

na t i on .  Al though Corb icu la  has been repo r ted  (61**) t o  be used w ide l y  

as a food i t em f o r  humans i n  Japan, t he  p o s s i b i l i t y  o f  commercial harves t  

f o r  food has n o t  been explored i n  t h i s  country .  Fresh water drum f i s h  

have been repor ted  as u t i l i z i n g  Corb icu la.  Studies on age and growth 

o f  Corb icu la  have n o t  been made on Tennessee clams. Corb icu la  leana 

has been repor ted  i n  Japan t o  a t t a i n  a l eng th  o f  10 mm the  f i r s t  year  

and 20 mm a f t e r  two years o f  growth. (61t) Corb icu la  from T r o t t e r s  Fer ry ,  

Tennessee measuring 43 mm were est imated t o  be i n  t h e i r  f i f t h  summer o f  

growth. 

L i s t e d  i n  Tables 2.7-143 through 2.7-148 and Tables 2.7-180 through 

2.7-182 are the  t o t a l  leng ths  o f  i d e n t i f i e d  Corb icu la  which were c o l l e c t e d  

by dredging and on a r t i f i c i a l  subs t ra tes  a t  the  var ious  s t a t i o n s  f rom 

March through October, 1974. Th is  data i s  expressed i n  graph form i n  

F igures 2.7-9 through 2.7-17. Assuming t h a t  t he re  i s  o n l y  a s i n g l e  

species o f  Corb icu la  i n  t he  s tudy area, these f i g u r e s  i n d i c a t e  t h a t  

t he re  a re  poss ib l y  th ree  age c lasses o f  Corb icu la  i n  t h i s  area o f  t h e  

C l i n c h  R iver .  Using the  i n fo rma t i on  on age and l e n g t h  repo r ted  by 

S i n c l a i r  and Isom (61) and B i cke l  (62)  t h e  age c lasses o f  Corb icu la  i n  t h e  



study area are  est imated t o  be one, two and th ree  years o ld .  B icke l  (62) 

s ta tes  t h a t  clams beginning t h e i r  second w in te r  i n  the  Ohio R iver  a t  

L o u i s v i l l e ,  Kentucky had reached 16 t o  20 mm. Those clams above 20 mm 

were assumed t o  be i n  t h e i r  t h i r d  summer o f  growth. Size frequency 

curves constructed from clams c o l l e c t e d  i n  dredge samples, F igures 2.7-9 

through 2.7-14, show t h a t  the  greates t  number o f  clams are  i n  t h e i r  f i r s t  

summer o f  growth and l a r g e  clams are  a  small percentage o f  t he  populat ion.  

B icke l  observed t h i s  same popu la t ion  s t r u c t u r e  i n  t he  Ohio R ive r .  He 

a t t r i b u t e d  t h i s  p a t t e r n  t o  in tense spawning i n  the  summer and h igh  w in te r  

m o r t a l i t i e s  i n  a l l  c lasses because o f  increased suspended sediment loads 

i n  February and March. It can be assumed t h a t  the  popu la t ion  i n  the  

C l i nch  R iver  w i l l  a l s o  dec l i ne  over the w in te r  months and then spawnings 

i n  the  sp r ing  and summer w i l l  increase the  popu la t ion  t o  a  f a l l  maximum. 

Clams c o l l e c t e d  on a r t i f i c i a l  substrates, shown i n  Tables 2.7-180, 

2.7-181 and 2.7-182, i n d i c a t e  the recru i tment  t o  t he  Corbicula popu- 

l a t i o n  which has occurred du r ing  the exposure pe r iod  o f  t he  substrates.  

Table 2.7-183, conta in ing  s i z e  frequencies, and Table 2.7-184, con- 

t a i n i n g  percent  composit ion o f  clams from a r t i f i c i a l  substrates, show 

t h a t  t he  age s t ruc tu res  a re  s i m i l a r  on these substrates though the  number 

o f  clams i s  inc reas ing  du r ing  the  summer. This  p a t t e r n  i nd i ca tes  t h a t  

Corbicula spawning occurred throughout t he  summer i n  t h i s  reg ion  o f  the  

C l i nch  R iver  and was greates t  i n  August and September. 

Other mol lusks which have been i d e n t i f i e d  from the  C l i nch  R ive r  i n  t he  

approximate v i c i n i t y  o f  t he  S i t e  inc lude the  clams Anodonta corpulenta 

and Quadrula ustu losa.  These species were c o l l e c t e d  i n  1960 between 

CRM 4.7 and 14.5. F i ve  a d d i t i o n a l  species were i d e n t i f i e d  i n  1968 

dur ing  a  survey o f  moi lusks o f  t he  Oak Ridge area. (64) These species 

inc luded the  clams P is id ium casertanum, P is id ium p u n c t i f e r a  and Fossar ia 

parva and the  operculate s n a i l s  Pleurocera canal icu latum and Goniobasis 

clavaeformis. During the  basel ine survey one i n d i v i d u a l  o f  t he  genus - 
Dromus was recovered i n  J u l y  from Transect 1 -Sta t ion  3. A few i n d i v i d u a l s  

o f  t he  gastropod genus F e r r i s s i a  were c o l l e c t e d  by dredging i n  September. 



Benthic macroinvertebrates were i d e n t i f i e d  and q u a n t i f i e d  i n  s tud ies  on 

the  C l i nch  R iver  r e l a t e d  t o  t he  Kingston Steam P lan t  (36) a t  CRM 2.7 i n  

1968 and the  B u l l r u n  Steam P lan t  a t  CRM 47.5 i n  1967-68. (34)  Macroi nver- 

t eb ra te  composit ion a t  these study s i t e s ,  a l though n o t  i d e n t i c a l  t o  t h a t  

i d e n t i f i e d  f o r  CRM 15 t o  18 by t h e  base l ine  study, was gene ra l l y  s i m i l a r .  

Th is  would i n d i c a t e  t h a t  t he  benth ic  popu la t ion  a t  t he  base l ine  survey 

s i t e  i s  n o t  unique i n  comparison t o  popu la t ions  i n  o the r  sec t ions  o f  

t h e  C l i n c h  R iver .  

2.7.2.4.6 MACROPHYTES 

Sampling l o c a t i o n s  f o r  macrophytes a re  i nd i ca ted  i n  F igu re  6.1-6 and 

procedures employed are  l i s t e d  i n  Tables 6.1-1 t o  6.1-3 and i n  Sect ion 6.1. 

D i s t r i b u t i o n  o f  macrophyt ic growth a t  t he  f i v e  sampling t ransec ts  was 

sparse dur ing  the  March, May and J u l y  f i e l d  i nves t i ga t i ons .  O r i g i n  o f  

a  few st rands o f  Eurasian water m i l f o i l  t h a t  were c o l l e c t e d  du r i ng  March 

and May i s  uncer ta in .  These st rands may have been roo ted  i n  t he  S i t e  

area o r  they may have d r i f t e d  downstream from t h e  Melton H i l l  Dam area. 

I n  March a cursory  i nspec t i on  o f  t h e  m i d r i v e r  sand bar  a t  Transect  4 

du r i ng  low r i v e r  water l e v e l s  revealed o n l y  a few seedl ings which appeared 

t o  be o f  a  t e r r e s t r i a l  nature. Occasional growths o f  t h e  bryophyte 

F o n t i n a l i s  sp. on submerged branches and the  l e a f y  l i v e r w o r t  Scapania 

sp. were encountered dur ing  the  May and J u l y  f i e l d  t r i p s .  

The sparse growth o f  macrophytes i n  t h i s  area might  be a t t r i b u t e d  t o  

l i m i t e d  l i g h t  penet ra t ion  i n  t he  water, steep shore l ines  along much o f  

the  s tudy area, occurrence o f  hard subs t ra te  and considerable f l u c t u a t i o n s  

o f  r i v e r  water l e v e l  (see Sect ion 2.7.2.3 on Physica l  and Chemical 

Parameters ) . 



2.7.2.4.7 FISH POPULATIONS (JUVENILE AND ADULT) 

Several s tud ies  have been conducted o f  f i s h  populat ions i n  the  C l inch  

R iver  near t he  S i t e .  Most recen t l y ,  TVA surveyed f i s h  populat ions i n  

February, i n  Apri l -May and i n  August o f  1973 a t  t h ree  l oca t i ons  (CRM 15.7, 

16.5 and 17.9) us ing  e lect roshocking and g i l l  nets a t  each l oca t i on .  (65) 

O f  the  1,628 f i s h  co l l ec ted ,  75 percent were obta ined by e lect roshocking 

and 25 percent by g i l l  n e t t i n g .  Forage f i s h ,  most ly  g izzard  and thread- 

f i n  shad, accounted f o r  74.4 percent o f  t he  samples w h i l e  rough and game 

f i s h  accounted f o r  18.7 percent and 6.9 percent,  respec t i ve l y .  A f i s h  

tagging study (66) was conducted from 1960 t o  1961 a t  CRM 20.8 i n  the 

v i c i n i t y  o f  White Oak Creek, before cons t ruc t i on  o f  Melton H i l l  Dam, t o  

determine the  m ig ra t i on  o f  f i s h  i n  t h i s  p o r t i o n  o f  Clinch-Tennessee R iver  

System. F i s h  were caught i n  hoop nets, i d e n t i f i e d  by numbered tags and 

re leased a t  t h e  p o i n t  o f  capture. O f  the 5,244 f i s h  tagged, 226 (4.31%) 

were recovered. White bass and wh i te  crappie had the  g rea tes t  recovery 

r a t e .  Add i t i ona l  in fo rmat ion ,  on the  m i g r a t i o n  o f  smallmouth b u f f a l o  

i n  White Oak Creek, C l i nch  R iver  and Watts Bar Reservoi r  was obtained 

dur ing  the  development o f  a r a d i o a c t i v e  tagging method o f  de tec t i ng  f i s h  

movement . (67) 

S ix  f i s h  c o l l e c t i o n s  were made a t  the  sampling s t a t i o n s  i nd i ca ted  i n  

F igure  6.1-7. C o l l e c t i o n  and ana lys is  methods used are  described i n  

Sect ion 6.1. 

Co l l ec t i ons  were made from March 29 through September 26, 1974. G i l l  

n e t t i n g  was used on a l l  s i x  sampling t r i p s  and e lect roshocking on a l l  

except the  March t r i p .  Hoop n e t t i n g  was attempted on September 23 b u t  

no f i s h  were captured. To ta l  du ra t i on  o f  g i l l  n e t t i n g  was 38 t o  47 hours 

per  s t a t i o n .  Nets were s e t  overn igh t  on June 24, 25 and 26 (17 t o  21 hours 

per s t a t i o n )  and September 25 and 26 (15 t o  17 hours per  s t a t i o n ) .  On 

a l l  o ther  dates, g i l l  nets were s e t  f o r  one t o  th ree  hours per  s t a t i o n .  

Elect roshocking was performed f o r  10 t o  20 minutes a t  each sampling s ta -  

t i o n  dur ing  each sampling per iod  as described i n  Sect ion 6.1. 



Species c o l l e c t e d  du r i ng  the  sampling pe r i od  are  l i s t e d  i n  Table 2.7-185. 

A t o t a l  o f  30 species belonging t o  10 fami 1 i e s  have been c o l l e c t e d  t o  

date. Also shown are  the  t o t a l  number o f  each species c o l l e c t e d  and the  

number o f  each species c o l l e c t e d  by each sampling method. O f  t h e  t o t a l  

o f  611 f i s h  co l l ec ted ,  386 have been c o l l e c t e d  by g i l l  n e t t i n g  and 225 

by e lec t roshock ing  . 

Species c o l l e c t e d  have been d i v i d e d  i n t o  the  broad ca tegor ies  o f  "game", 

" forage" and "rough". Game f i s h  i nc lude  the  cent ra rch ids  ( rock  bass, 

crappie., b l  u e g i l l  and o the r  sun f i sh ) ,  pe rc i ch thy ids  (wh i te  and s t r i p e d  

bass), and the  perc ids  (sauger and y e l l o w  perch) .  The terms "rough" and 

"commercial" a re  o f t e n  app l i ed  synonomously. Forage f i s h  a re  those 
(68) species which a r e  preyed upon by predator  species, i n c l u d i n g  game f i s h .  

Table 2.7-186 i n d i c a t e s  the  r e l a t i v e  abundance o f  t he  species c o l l e c t e d  

i n  terms o f  number o f  f i s h  c o l l e c t e d  and weight. Forage f i s h  comprise 

54.0 percent  o f  the  t o t a l  number o f  f i s h  c o l l e c t e d  and t h r e a d f i n  shad 

a re  by f a r  t he  most dominant forage f i s h  i n  t he  catch.  Game f i s h  make 

up 12.4 percent  o f  the  t o t a l .  B l u e g i l l  a re  the  most abundant game f i s h .  

Rough f i s h ,  o f  which sk ip jack  h e r r i n g  are most numerous, make up 33.6 

percent o f  t he  t o t a l .  Rough f i s h  a re  dominant i n  terms o f  weight,  as 

they comprise 70.3 percent  o f  t h e  t o t a l  weight.  Forage f i s h  and game 

f i s h  make up 17.3 and 11.9 percent o f  t h e  t o t a l ,  r e s p e c t i v e l y .  

To ta l  number o f  each species c o l l e c t e d  by g i l l  n e t t i n g  a t  each sampling 

s t a t i o n  i s  shown i n  Table 2.7-187. Threadf in  shad and s k i p j a c k  h e r r i n g  

a re  the  most numerous species c o l l e c t e d  by g i l l  n e t t i n g .  Table 2.7-188 

g ives  the  same comparison f o r  f i s h  captured by e lect roshocking.  Gizzard 

shad and golden redhorse are  most abundant species c o l l e c t e d  by e l e c t r o -  

shocking. D i f fe rences  between species and s i z e  composit ion o f  g i l l  ne t s  

and e lect roshocker  catches may be due t o  gear s e l e c t i v i t y  o r  i n t r i n s i c  

f a c t o r s  such as species behavior,  s i z e  c lass  d i f f e rences  o r  both. 



Table 2.7-189 i nd i ca tes  numbers o f  each species c o l l e c t e d  on each 

sampling date by g i l l  n e t t i n g .  Threadf in  shad have been among the  most 

abundant species captured on each f i e l d  t r i p .  Skip jack h e r r i n g  were 

captured i n  r e l a t i v e l y  l a r g e  numbers i n  March and May bu t  have decreased 

i n  abundance i n  the  summer months. Table 2.7-190 shows numbers o f  each 

species c o l l e c t e d  on each sampling date by e lect roshocking.  I n  general, 

g izzard  shad and golden redhorse a re  the  most abundant species captured 

by e lect roshocking i n  June. I n  August and September, t h r e a d f i n  shad 

were most numerous. 

Species d i v e r s i t y  ind ices  computed f o r  f i s h  c o l l e c t e d  from March 28 

through September 26, 1974, by both g i l l  n e t t i n g  and e lect roshocking are  

shown i n  Table 2.7-191. D i v e r s i t y  i nd i ces  f o r  e lect roshocking do appear 

t o  be g rea te r  i n  general than those f o r  g i l l  n e t t i n g .  Ind ices  averaged 

1.8 (range 1 .2 - 2.1 ) f o r  e lect roshocking and averaged 1.5 (range 0.73 - 
1.95) f o r  g i l l  n e t t i n  . These values exceeded the  less-than-one value 

repor ted  by Warren (693 f o r  p o l l u t e d  water and i n d i c a t e  t h a t  the  C l i nch  

R iver  i n  t he  v i c i n i t y  o f  t he  S i t e  i s  unpol lu ted.  

Tables 2.7-192 and 2.7-193 show the  t o t a l  number o f  each o f  t he  seven 

most abundant species c o l l e c t e d  by g i l l  n e t t i n g  and e lect roshocking from 

March 28 through September 26, 1974. Cond i t ion  f a c t o r  "K" has been 

ca l cu la ted  f o r  each o f  t he  seven species per s t a t i o n  and per  f i e l d  t r i p  

and the  mean "K" f a c t o r  i s  a l so  computed f o r  each species. Th i s  f a c t o r  

takes i n t o  account t h a t  the  weight o f  a f i s h  va r ies  w i t h  the  cube o f  i t s  

l e n g t h  and enables a comparison t o  be made o f  t he  phys io log i ca l  c o n d i t i o n  

o f  f i s h  w i t h i n  one species. (70' Mean 'K" f a c t o r s  ca l cu la ted  a t  the  end 

o f  t he  sampling program w i l l  i n d i c a t e  the  "cond i t ion"  o f  species i n  t he  

v i c i n i t y  o f  t he  CRBRP S i t e  du r ing  the  Basel ine Survey Program. 

Table 2.7-194 show the  back ca l cu la ted  standard lengths o f  the  desig- 

nated seven most abundant species. Resul ts  t o  date i n d i c a t e  t h a t  t he  

growth r a t e s  f a l l  i n t o  the  approximate range described f o r  each species. (70) 



An a t tempt  was made t o  ga ther  i n f o r m a t i o n  p e r t a i n i n g  t o  commercial and 

s p o r t  f i s h i n g  i n  the  area o f  t h e  S i t e .  No data were a v a i l a b l e  on s p o r t -  

f i s h i n g  harves t  f rom e i t h e r  Watts Bar Reservo i r  o r  Mel ton H i l l  Reser- 

~ o i r . ( ~ '  ) Commercial catches i n  1972 w i t h i n  a  10-mi le  r a d i u s  o f  t he  S i t e  

were n e g l i g i b l e  and amounted t o  about one percen t  o f  t he  t o t a l  ca tch  

f rom Watts Bar Reservo i r  o r  around 1,000 pounds. (72)  

Tables 2.7-195 and 2.7-196 present  data f rom a  r e c e n t  TVA f i s h  survey (65)  

conducted between CRM 15.7 and 17.9 on t h ree  d i f f e r e n t  dates d u r i n g  t he  

p e r i o d  o f  February 1  through August 10, 1973. Resu l ts  t o  da te  of t he  

p resen t  b a s e l i n e  survey a r e  i n  general  agreement w i t h  TVA f i n d i n g s  i n  

terms o f  f i s h  species composit ion, abundance and p r o p o r t i o n  o f  game, 

rough and fo rage  f i s h .  

A  f i s h  i n v e s t i g a t i o n  was conducted a t  t he  B u l l  Run Steam P l a n t  on Me l ton  

H i1  1  Reservo i r  f rom January 1967 t o  February 1968. (35 )  A lso  a  f i s h  t agg ing  

survey (66)  was done i n  t h e  C l i n c h  R i ve r  near White Oak Creek (CRM 20.8) 

on J u l y  6  through September 21, 1960, and f rom A p r i l  12 through J u l y  31, 

1961. Both s t u d i e s  showed a  s i m i l a r i t y  i n  species composi t ion o f  

c o l l e c t e d  f i s h  t o  t h e  p resen t  base l i ne  survey r e s u l t s .  I n  a d d i t i o n ,  t h e  

f i s h  tagg ing  survey showed t h a t  severa l  species be ing  c o l l e c t e d  du r i ng  

t h e  base l i ne  survey tend  t o  m ig ra te  cons iderab le  d is tances  i n  t h e  

Tennessee R i v e r  System. These f i s h e s  i n c l u d e  t he  sauger, s k i p j a c k  h e r r i n g  

and w h i t e  bass. One sauger was captured 100 m i l e s  f rom the  p o i n t  o f  

r e1  ease. 

2.7.2.4.8 FISH EGGS AND LARVAE 

F i s h  eggs and l a r v a e  were sampled on a  r e g u l a r  bas i s  f rom March 28 through 

August 29, 1974, a t  the  l o c a t i o n s  i n d i c a t e d  i n  F igu re  6.1-8. Sampling 

and a n a l y s i s  procedures a r e  descr ibed  i n  Sec t ion  6.1. Th i s  sampl ing 

p e r i o d  was cons idered c r i t i c a l  s i nce  i n te rmed ia te  and warm water  f i s h e s  

a re  s p r i n g  and summer spawners. (73)  



F i s h  eggs and l a rvae  c o l l e c t e d  by s t a t i o n a r y  n e t t i n g  du r i ng  eleven 

sampling t r i p s  a re  shown i n  Tables 2.7-197, 2.7-198 and 2.7-199. 

Eggs were n o t  i d e n t i f i e d  as t o  species. Larvae o f  two f i s h ,  sauger and 

redhorse, were c o l l e c t e d .  I n  a d d i t i o n  t o  s t a t i o n a r y  n e t t i n g ,  pumping was 

a l s o  used as a  sampling method f o r  demersal eggs. One reason why o n l y  a  

s i n g l e  egg was c o l l e c t e d  by pumping may be the  absence o f  spawning grounds 

i n  t h e  sampling area. 

Tables 2.7-197 and 2.7-198 show the  number o f  f i s h  eggs and l a rvae  c o l -  

l e c t e d  on each sampling date. S i g n i f i c a n t  numbers o f  eggs were c o l l e c t e d  

o n l y  on May 16 and June 2  and i n d i c a t e  t h e  onset o f  s p r i n g  spawning f o r  

the  species represented by these eggs. Th i s  suggests a  r a t h e r  s h o r t  b u t  

in tense spawning pe r i od  f o r  these f i s h  species. Samples taken on a l l  

o ther  dates y i e l d e d  very  few i f  any eggs b u t  i n d i c a t e  t h a t  f i s h  species 

spawn i n  the  v i c i n i t y  o f  t he  S i t e  from March through J u l y .  O f  t h e  296 

eggs co l l ec ted ,  93 percent  were c o l l e c t e d  on May 16 and June 2. The 

s i n g l e  f i s h  l a r v a  c o l l e c t e d  on March 28 was i d e n t i f i e d  as a  sauger l a r va ,  1 
w h i l e  a l l  13 l a r v a e  c o l l e c t e d  on June 25 and 26 were redhorse la rvae.  

Table 2.7-199 shows the  number o f  f i s h  eggs and l a rvae  c o l l e c t e d  a t  each 

s t a t i o n  du r i ng  t h e  sampling per iod .  There seem t o  be no s i g n i f i c a n t  d i f -  

ferences among the  r i v e r  sampling s t a t i o n s  i n  t he  number o f  eggs c o l l e c t e d .  

O f  t h e  296 eggs co l l ec ted ,  280 were from t h e  r i v e r  and o n l y  16 f rom Poplar  

Springs Creek and Caney Creek. Th is  may be somewhat mis leading,  however, 

as the  r i v e r  s t a t i o n s  were sampled eleven t imes and the  creeks o n l y  f o u r .  

Despi te  t h i s  f a c t ,  a l l  13 redhorse l a r vae  were c o l l e c t e d  from t h e  creeks, 

and o n l y  one l a rva ,  a  sauger, was c o l l e c t e d  from the  r i v e r .  

Eggs c o l l e c t e d  by s t a t i o n a r y  n e t t i n g  near t h e  bottom a re  probably  semi- 

buoyant and d r i f t i n g  i n  the  cu r ren t .  Eggs which a re  at tached t o  ob jec t s  

on the  r i v e r  bottom o r  i n  nes ts  a r e  n o t  l i k e l y  t o  be c o l l e c t e d  by the  

sampling methods employed except by chance. I f  the  eggs c o l l e c t e d  a re  

of t he  f l o a t i n g  type, they are  probably n o t  t he  eggs o f  any o f  t h e  seven 



most abundant species described i n  Sect ion 6.1, as the  eggs o f  these 

species a re  no t  known t o  be buoyant, see Appendix t o  2.7. Sauger eggs, 

which do become semibuoyant a f t e r  hardening may be an except ion. These 

seven species should have been spawning du r ing  the  c o l l e c t i o n  per iod.  

A l l  w i l l  spawn i n  the  shal low waters o f  l a r g e  r i v e r s ,  al though the  pre-  

f e r r e d  bottom type var ies  somewhat w i t h  the  species. (74 

Data c o l l e c t e d  i n  the March through August sampling per iod  i n d i c a t e  t h a t  

eggs capable o f  being c o l l e c t e d  by the sampling methods employed a r e  

abundant dur ing  a r a t h e r  b r i e f  t ime i n  the spr ing.  F i sh  l a rvae  appear 

t o  be scarce a t  t he  sampling s t a t i o n s  on the  r i v e r  f o r  t he  e n t i r e  sampling 

per iod.  Redhorse la rvae c o l l e c t e d  i n  Poplar Springs and Caney Creeks 

suggest t h a t  these areas are  important  s i t e s  o f  spawning, a t  l e a s t  f o r  

t h a t  p a r t i c u l a r  species. Th is  is  somewhat speculat ive,  however, as samples 

from the  creeks contained few eggs. 

2.7.2.4.9 FISH FOOD PREFERENCE 

An ana lys is  o f  stomach contents revea ls  the  importance o f  food species 

i n  the f i s h  d i e t .  Seasonal changes i n  species o r  s i z e  - composit ion o f  

the  p lankton o r  benth ic  community may cause the  f i s h  t o  change t h e i r  

feeding hab i ts .  

Cer ta in  f i s h  c o l l e c t e d  a t  the  s t a t i o n s  i nd i ca ted  i n  F igure  6.1-7 were 

used f o r  food preference studies.  Sampling and ana lys is  procedures used 

are  i nd i ca ted  i n  Sect ion 6.1. 

F i sh  food preference data were c o l l e c t e d  t o  determine feeding hab i t s  o f  

the seven most abundant species described i n  Sect ion 6.1 and t o  c o r r e l a t e  

t h e i r  feeding h a b i t s  w i t h  data c o l l e c t e d  on the  organisms which appear 

t o  be p re fe r red  food items. Food i tems were i d e n t i f i e d  as p r e c i s e l y  as 

i s  p r a c t i c a l  and the numbers o f  each food type presented where app l icab le .  

Percent occurrence o f  each food i tem represents the  percentage o f  

2.7-84 



i n d i v i d u a l s  o f  each f i s h  species whose stomachs contained t h a t  food i tem. 

From the  percent occurrence together  w i t h  the  numbers and weights o f  food 

items found i n  the stomachs o f  each species an est imate can be made o f  

the  most desi red and most heav i l y  f ed  upon organisms. Percent f u l l n e s s  

o f  the  stomachs and weight o f  the stomach contents i n  r e l a t i o n  t o  f i s h  

s i z e  a l so  i n d i c a t e  t h a t  l e v e l  o f  feeding i n t e n s i t y  o f  t he  f i s h  a t  the  

t ime o f  capture. F i s h  from which stomachs were obtained were c o l l e c t e d  

between March 28 and September 26, 1974, by both g i l l  n e t t i n g  and 

e lect roshocking.  

Table 2.7-200 shows the  r e s u l t s  from the  analyses o f  12 sauger stomachs 

o f  which on l y  two contained food i tems. Adu l t  sauger feed p r i m a r i l y  on 

small f i s h  and t o  a l esse r  ex ten t  on inver tebra tes ,  w h i l e  younger sauger 

feed on a m ix tu re  o f  micro- and macroinvertebrates dominated by mayf l ies,  

zooplankton and c h i r ~ n o m i d s . ' ~ ~ )  Due t o  the  h igh  percentage o f  empty 

stomachs, n o t  enough data i s  a v a i l a b l e  t o  charac ter ize  the  d i e t  o f  sauger 

i n  the area o f  the  S i t e .  Food i tems recovered from the  stomachs, a l though 
(76) ? 

few i n  number are  s i m i l a r  t o  those repor ted  by Hubbs and Lagler .  

A d u l t  sk ip jack  h e r r i n g  feed most ly  on f i s h ,  w h i l e  younger members o f  the  

species p r e f e r  i nsec ts .  (70977)  Table 2.7-201 shows t h a t  eleven o f  the  

34 sk ip jack  h e r r i n g  stomachs analyzed contained food i tems which consis ted 

p r i m a r i l y  o f  f i s h  and benth ic  macroinvertebrates. T e r r e s t r i a l  i n s e c t  

and macrophyte fragments were a l so  present.  F i s h  species i d e n t i f i e d  i n  

t he  stomach contents inc luded t h r e a d f i n  shad, sk ip jack  h e r r i n g  and a 

member o f  the  genus Notropis  ( sh ine rs ) .  Benthic macroinvertebrates pre-  

sent were larvae,  pupae and a d u l t s  o f  aquat ic  insec ts ,  t he  most numerous 

o f  which were Chaoborus sp. and the  mayf ly ,  Hexagenia b i l i n e a t a .  

Food items recovered from the  stomachs o f  wh i te  bass a re  shown i n  

Table 2.7-202. Nine o f  t he  16 stomachs examined contained food items 

cons i s t i ng  o f  f i s h ,  crustaceans, aquat ic  d i p t e r a  and mayf l ies .  Threadf in  

shad was the  o n l y  f i s h  species i d e n t i f i e d  i n  t he  stomach contents and 



the cladoceran, Leptodora kindtii, was the single crustacean present. 

Benthic macroinvertebrates consisted of larvae and pupae of Chaoborus sp. 

and of Hexagenia bilineata. Adult white bass were reported as feeding 

mainly on fish and less frequently on mayflies, crustaceans and aquatic 

insects. (75) Young white bass feed on other fish, insect larvae pnd 

microcrustaceans. (75) 

As shown in Table 2.7-203, all 29 gizzard shad stomachs contained food 

items consisting of zooplankters, benthic macroinvertebrates, phytoplank- 

ton and macrophyte fragments. The bottom sediment present is incidental 

material taken in while feeding. (77) Zooplankton found in the food 
material consisted of cladocerans, copepods and rotifers with the clado- 

ceran, Leptodora kindtij being the most common species. Various chirono- 

mids and Hydroptila sp., a caddisfly, comprise the benthic macroinverte- 

brates present. Adult gizzard shad are considered to be herbaceous, 

feeding on algae, phyto lankton and microscopic plants; younger fish 

feed on zooplankton. (75' Data reported to and summarized by Carlander (70) 

indicated that small gizzard shad feed on rotifers, protozoa and ento- 

mostraca in the early weeks of their life, but they switch to zooplankton 

and phytoplankton for the remaining part of their life. Since the 

invertebrates found in these fish stomachs are members of the drift com- 

munity, they may have been ingested while the gizzard shad were feeding 

on plant material in the plankton or on the bottom. e 

Table 2.7-204 shows food items collected from stomachs of threadfin shad. 

Thirty-seven stomachs were analyzed and 22 of these contained food items. 

The food items consisted of a variety of zooplankters, a few benthic 

macroinvertebrates, phytoplankton and miscellaneous material such as 

bacteria, detritus and sediment. The most abundant organisms were the 

cladocerans, Bosmina lonqirostris and Leptodora kindtii, and Keratella 

sp., a rotifer. Threadfin shad feed mainly on zooplankton. ( 7 0 )  



Nineteen ou t  of 22 carp stomachs conta ined food i tems l i s t e d  i n  

Table 2.7-205. A wide v a r i e t y  o f  food i tems were present,  i n c l u d i n g  

zooplankton, benth ic  macro inver tebrates , mo l l  usks , annel ids ,  t e r r e s t r i  a1 

i nsec ts ,  p l a n t  m a t e r i a l ,  d e t r i t u s  and bottom m a t e r i a l s .  Benthic macro- 

i nve r teb ra tes  composed the  l a r g e s t  group o f  food i tems.  Eighteen species 

o f  chironomids were recovered along w i t h  several  o t h e r  aquat ic  i nsec ts .  

Th i s  d i e t ,  c o n s i s t i n g  o f  many d i f f e r e n t  food i tems, i s  c h a r a c t e r i s t i c  

o f  carp  feeding hab i t s .  (70) 

Stomachs o f  e i g h t  smallmouth b u f f a l o  were analyzed and seven were found 

t o  con ta in  food items, shown i n  Table 2.7-206. The food i tems recovered 

a r e  s i m i l a r  t o  those found i n  t h e  carp. As i n  t h e  carp, benth ic  macro- 

i nve r teb ra tes  comprise the  m a j o r i t y  o f  t he  d i e t .  These f i s h  feed most ly  

on bottom organisms, copepods, cladocerans and algae. (70) 

Data from the  stomach content  analyses show the  v a r i e t y  o f  organisms 

comprising the d i e t s  o f  the  seven f i s h  species s tudied.  Most species o f  

organisms recovered f rom the  f i s h  stomachs a re  represented i n  our  p lank ton  

and benth ic  c o l l e c t i o n s  which were taken i n  t he  same areas where f i s h  

were sampled. The presence o f  an abundance of benth ic  macro inver tebrates 

i n  the  stomachs o f  g i zza rd  shad i s  d i f f e r e n t  from the  data repo r ted  by 

~ c o t t - ~ r o s s m a n ( ~ ~  ) ; t h i s  f i s h  species was repor ted  t o  be herbaceous. 

2.7.2.4.10 ENDANGERED SPECIES 

Thus f a r  none o f  t h e  species c o l l e c t e d  i n  the  v i c i n i t y  o f  t h e  S i t e  by 

e i t h e r  t he  aquat ic  base l ine  survey o r  by TVA i n  1973 (65) have been 

designated* as an endangered species under t h e  Endangered Species 

Conservat ion Ac t  o f  1969. (78 



TABLE 2.7-1 

Code 

Wvx 

Wvb 

Nvr 

Ws 

Wsx 

Tsh 

Cc 

S v 

P v 

Ccz 

Fcr  

Rs t 

Fch 

Name and D e s c r i p t i o n  

Waynesboro very  f i n e  sandy loam, s lope  phase 

Waynesboro very  f i n e  sandy loam, eroded h i l l  phase 

Nol ichucky very  f i n e  sandy loam, eroded phase 

Wol f tever  s i l t  loam 

Wol f tever  s i l t  loam, s l ope  phase 

T a l b o t t  s i l t y  c l a y  loam, smooth phase 

Co lbe r t  s i l t y  c l a y  loam 

C l a r k s v i  1 l e  che r t y  s i l t  loam, h i  1 l y  phase 

R o l l i n g  s tony land, Co lbe r t  and T a l b o t t  s o i l  m a t e r i a l  

Upshur s i l t y  c l a y  loam, V a l l e y  phase 

Armuchee s i  1 t loam 

C o l b e r t  s i l t  loam, s lope  phase 

F u l l e r t o n  c h e r t y  s i l t  loam 

C l a r k s v i l l e  che r t y  s i l t  loam 

Sequatchie very  f i n e  sandy loam 

Pope very  f i n e  sandy loam 

C l  a r k s v i  11 e c h e r t y  s i  1 t loam, s teep phase 

F u l l e r t o n  c h e r t y  s i l t  loam, eroded phase 

Rough s tony land, T a l b o t t  s o i l  m a t e r i a l  

F u l l e r t o n  c h e r t y  s i l t  loam, eroded h i l l y  phase 

F u l l e r t o n  c h e r t y  s i l t  loam, s teep phase 

T a l b o t t  s i l t y  c l a y  loam 

Me lv i n  s i l t  loam 

F u l l e r t o n  c h e r t y  s i l t  loam, smooth phase 

Greendale s i l t  loam 

T a l b o t t  s i l t y  c l a y  loam, h i l l y  phase 

Roane g r a v e l l y  loam 

(Con'ti nued) 



TABLE 2.7-1 (Continued) 

Code - 
Lv 

Cch 

A1 

Fc 1 

Rga 
Ls 

Avk 

Rgf 

Name and Descr ip t ion  

Leadvale very f i n e  sandy loam 

Clarksv i  l l e  cher ty  s i l t  loam, smooth phase 

Atk ins  very f i n e  sandy loan) 

F u l l e r t o n  cher ty  s i  1 t loam, h i  1 l y  phase 

Rough g u l l i e d  land, apison s o i l  ma te r i a l  

Lehew s t rong f i n e  sandy loam 

Apison very f i n e  sandy loam, eroded s lope phase 

Rough g u l l  i e d  1 and, F u l l  e r ton  so i  1 mater i  a1 



TABLE 2.7-2 

OVERSTORY VEGETATION DATA OF THE C L I N C H  R I V E R  S I T E *  

M I X E D  HARDWOOD COMMUNITY AREA K 

Number Re1 a t i v e  R e l a t i v e  Basal Area R e l a t i v e  Importance 
o f Frequency Frequency Dens i t y  Dominance Value Index 

Species I n d i v i d u a l s  <: Acre** IVI  

Quercus v e l u t i n a  
(Black oak) 

Tuercus prinu; 
Chestnut oak 

Acer saccharum 
(Sugar maple) 

. Acer rubrum 6 50 7.1 7 .2  2 . 4  3 .3  6 
(Red maple) 

L i  r i odendron  t u l  i p i f e r a  
( T u l i p  pop1 a r )  

Quercus a l b a  
(White oak) 

F r a x i  nus ameri cana 
(White ash) 

Fagus g r a n d i f o l  i a  
(American beech) 

(Continued) 



TABLE 2.7-2 (Con t inued)  

Number R e l a t i v e  R e l a t i v e  Basal Area R e l a t i v e  Importance 
o f Frequency , Frequency Dens i t y  Dominance Value Index 

01 % Acre** Species I n d i v i d u a l s  I V I  

Car a a l l i d a  
7Gki-kW) 
Car a ovata 
h i  cpory )  

Quercus cocc inea 
( S c a r l e t  Oak) 

Cornus f l o r i d a  
(F lower ing  dogwood) 

N ssa s i l v a t i c a  
B 1 a c k g u 7  7L 

T o t a l  

* O n e - f i f t h  acre c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems l a r g e r  than 5.9 inches i n  d iameter  a t  4 .5  f e e t  above t h e  s o i l  

**Basal area i s  recorded i n  square f e e t  



TABLE 2.7-3 

OVERSTORY VEGETATION DATA OF THE CLINCH R IVER S I T E *  

M IXED HARDWOOD COMMUNITY AREA L 

Number R e l a t i v e  Basal Area R e l a t i v e  Importance 
o f  Dens i ty 3ominance Value Index 

Species I n d i v i d u a l s  h Acre** I V I 

Juniperus v i r g i n i a n a  10 . 27.0 22.35 20.9 2 4 
XRed cedar)  

Quercus coccinea 
( S c a r l e t  oak) 

F r a x i  nus ameri cana 
(White ash) 

Quercus a l b a  
(White oak) 

Car a ovata 
+-icxory) 

4 10.8 11 .OO 10.3 

Quercus s t e l  l a t a  
XPost oak) 

Fuercus prinu; 
Chestnut oak 

Car a tomentosa 
*ory) 

Ostrya v i  r g i n i a n a  
{Hop hornbeam) 

Acer saccahrum 
7Sugar maple) 

( Con t i nued) 



TABLE 2 . 7 - 3  (Con t inued)  

Number Re la t ive  Basal Area Rela t ive  Importance 
o f Dens i t y  Dominance Value Index 

Acre** Species  Individual  s IVI 

Li riodendron t u l  i pi f e r a  1 ' 2 . 7  1 .50 1 .4  2 
(Tul ip  pop1 a r )  

Total  

*One-fifth a c r e  c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems l a r g e r  than 5 .9  inches i n  diameter  a t  4 .5  f e e t  
above t h e  s o i l  

**Basal a r e a  i s  recorded i n  square f e e t  



TABLE 2.7-4 

OVERSTORY VEGETATION DATA OF THE CL INCH R IVER S I T E *  

M I X E D  HARDWOOD COMMUNITY AREA L ' 

Number Basal Area Re1 a t i  ve Dens i t y  gel a t i v e  Importance 
of Dominance - Densi ty  Value Index 

Acre Species I n d i v i d u a l s  Acre % I V I  

Quercus f a l c a t a  
(Southern r e d  oak)  

Quercus a1 ba 5 12.8 12.5 25 17 .Y 15 
(Whi te  oak) 

L i  r i odendron  t u l  i p i f e r a  4 18.2 17.8 20 14.3 16 
7 ~ u l  i p  p o p l a r )  

Quercus cocc inea 3 21.6 21.2 15 10.7 16 
(Scar1 e t  oak) 

Fagus g r a n d i f o l i a  
(American beech) 

F rax inus  american 2 2.0 1 .9  10 7.1 4 
(White ash) 

Acer rubrum 
(Red maple) 

Carya p a l  1 i d a  
(Sand h i c k o r y )  

Pinus v i r g i n i c a n a  
( V i r g i n i a  p i n e )  

Pinus s t robus  1 2.3 2.3 5 3 .6  3 
(White p i n e )  

T o t a l  28 102.1 100.0 140 99.9 100 

* O n e - f i f t h  acre c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems l a r g e r  than 5.9 inches i n  d iameter  a t  4.5 f e e t  above t h e  s o i l  

**Basal area i s  recorded i n  square f e e t  



T A B L E  2.7-5 

WOODY UNDERSTORY VEGETATION DATA O F  T H E  C L I N C H  R I V E R  S I T E *  

M I X E D  HARDWOOD COMMUNITY AREA K 

Number R e l a t i v e  Basal Area R e l a t i v e  Dens i t y  R e l a t i v e  Importance 
o f Frequency Frequency Dominance Dens i t y  Value Index 

"I 01 Acre Species I n d i v i d u a l s  % Acre** I V I 

Sassafras a lb idum 40 7 5 10.3 0.20 31.2 200 31 .2  2 5 
(Sassafras)  

Cornus f l o r i d a  
(F lower ing dogwood ) 

Acer rubrum 
(Red maple) 

Rhamnus c a r o l  i n i  anus 
(Caro l ina  buck thorn )  

Euon mus americanus 4 50 6.9 0.02 3.1 20 3.1 4 

American Strawberry-bush) 7-- 
Car a l a b r a  
-0 ry , 
Ostrya v i r g i n i a n i a  3 25 3.4 0.02 2.3 15 2.3 3 
]HOP hornbeam) 

( C o n t i n u e d )  



TABLE 2.7-5 (Cont inued) 

Number R e l a t i v e  Basal Area R e l a t i v e  Dens i t y  R e l a t i v e  Importance 
o f Frequency Frequency Dominance -- Densi ty  Va 1 ue Index 

Species I n d i v i d u a l s  % % Acre** "! Acre >A I V I  

Prunus s e r o t i n a  3 75 10.3 0.02 2.3 15 2.3 5 
(Black c h e r r y )  

Quercus a l b a  
(White oak)  

Oxydendron arkoreurn 2 2 5 3.4 0.01 1 .6  10 1 .6  2 
(Sourwood) 

V i  lburnum r u f i d u l u m  2 2 4 3.4 0.01 1 .6  10 1 .6  2 
(Rusty blackhaw) 

U 
I 
w L i r i o d e n d r o n  t u l  i p i f e r a  1 2 5 3.4 0.01 0.8 5 0.8 2 
m ( T u l i p  POP] a r )  

Frax inus americana 1 2 5 3.4 0.01 0.8 5 0.8 2 

(White ash)  

T o t a l  128 725 99.4 0.65 99.9 640 99.9 190 

*One-twentieth acre c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 0.0 t o  0.9 inches i n  d iameter  a t  4.5 f e e t  above the s o i l  

**Basal area i s  recorded i n  square f e e t  



T A B L E  2.7-6 

WOODY UNDERSTORY VEGETATION DATA OF THE C L I N C H  R I V E R  S I T E *  

M I X E D  HARDWOOD COMMUNITY AREA K 

Number R e l a t i v e  Basal Area R e l a t i v e  Dens i t y  R e l a t i v e  Importance 
o f Frequency Frequency Dominance Dens i t y  Value Index 

Species I n d i v i d u a l s  $, % Acre** CI  Acre 9, I V I 

Cornus f l o r i d a  4 5 0 11.1 0.24 18.2 20 18.2 16 
(F lower ing dogwood) 

Rhamnus c a r o l  i n i a n u s  
( C a r o l i n a  buck thorn )  

Aesculus s y l v a t i c a  
]Painted buckeye) 

F rax inus  americana 
(White ash) 

Jun i  perus v i r g i n i a n a  1 2 5 5.5 0.06 4.5 5 4.5 5 
(Eastern redceda r ) 

( C o n t i n u e d )  



TABLE 2.7-6 ( C o n t i n u e d )  

Number R e l a t i v e  Basa l  Area R e l a t i v e  D e n s i t y  R e l a t i v e  Impor tance  
o f Frequency Frequency Dominance D e n s i t y  Va lue Index 

Spec ies  I n d i v i d u a l s  % Ol Acre  ** % Ac re  C~ I V I  

1 25 5 . 5  0 .06 4 .5  5 4 .5  Oxydendrum arboreum r 
(Sourwood) 

Prunus s e r o t i n a  
( B l a c k  c h e r r y )  

9uercus piii; 1 
Ches tnu t  oak 

Ulmus sp.  1 25 5.5 0 .06 4 .5  5 4 .5  5 
(Elm) 

Quercus v e l  u t i n a  
( B l a c k  oak )  

co 
co Quercus a l b a  

(Wh i te  oak)  

Sassa f ras  a l b i d u m  1 2 5 5.5 0 .06 4.5 5 4.5 5 
(Sassa f ras )  

T o t a l  22 450 99.2 1.32 99 .4  110 99.4  102 

*One- twen t i e th  a c r e  c i r c u l a r  p l o t s  were  u t i l i z e d  f o r  stems 1 . 0  t o  1.9 i n c h e s  i n  d i a m e t e r  a t  4 . 5  f e e t  above t h e  s o i l  

**Basal a r e a  i s  r e c o r d e d  i n  squa re  f e e t  



T A B L E  2.7-7 

WOODY UNDERSTORY VEGETATION DATA OF THE C L I N C H  R I V E R  S I T E *  

M I X E D  HARDWOOD COMMUNITY AREA K 

Number Re1 a t i v e  Basal Area Relative Density Relative Importance 
of Frequency Frequency Dominance Density Value Index 

Species Individuals % ol o "I Acre IV I Acre ** 
Car a labra 
h o r y )  

2 25 10 0.34 16.7 10 16.7 14 

Oxydendrum arboreurn 
(Sourwood) 

Rhamnus carolinianus 2 50 20 0.34 16.7 10 16.7 18 
(Carolina buckthorn) 

Acer rubrum 1 25 10 0.17 8 .3  5 8 . 3  9 
7Red maple) 

Fagus grandifol ia  
(American beech) 

Juniperus virginiana 
IEastern redcedar) 

Sassafras albidum 1 25 10 0.17 8.3 5 8.3 9 
7Sassafras)  

Total 12 250 100 2.04 99.9 60 99.9 100 

*One-twentieth acre c i r c u l a r  p lo ts  were u t i l i zed  f o r  stems 1.0 to  1 .9  inches in diameter a t  4.5 f e e t  above the s o i l  

**Basal area i s  recorded in square f ee t  



TABLE 2.7-8 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH R I V E R  S I T E *  

M IXED HARDWOOD COMMUNITY AREA K 

Number R e l a t i v e  Basal Area R e l a t i v e  Dens i t y  R e l a t i v e  Importance 
o f Frequency Frequency Dominance Dens i t y  Value Index 

Species I n d i v i d u a l s  I? 7 i  Acre ** 04 Acre I V I  

Car a l a b r a  5 50 22.2 1.67 38.5 25 38.5  3 3 
h o r y  

Sassafras a lb idum 
(Sassaf ras)  

Acer rubrum 
(Red maple) 

- 
L i  r i  odendron t u l  i p i  f e r a  1 2 5 11.1 0.34 7.7 5 7.7 9 
( ~ u l  i p pop1 a r )  

Quercus a l b a  
(Whi te  oak)  

T o t a l  13 225 99.9 4.37 100.1 65 100.1 100 

*One- twent ie th  a c r e  c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 3.0 t o  3.9 inches i n  d iamete r  a t  4.5 f e e t  above t h e  s o i l  

**Basal area i s  reco rded  i n  square f e e t  



TABLE 2.7-9 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH R I V E R  S I T E *  

M IXED HARDWOOD COMMUNITY AREA K 

- - - - - - -- - - - - - - -- - 

Number R e l a t i v e  Basal Area R e l a t i v e  Densi ty  R e l a t i v e  Importance 
o f  Frequency Frequency Dominance Densi ty  Value Index 

Species I n d i v i d u a l s  % 0l )a Acre ** Z Acre 4 I V I  

Sassafras a1 bidum 
(Sassafras) 

L i r iodendron  t u l i p i f e r a  
( T u l i p  pop la r )  

Quercus v e l u t i n a  1 2 5 12.5 0.55 11.1 5 11.1 12 
(Black oak) 

Ulmus sp. 
(ElmJ 

Tota l  9 200 100.0 4.95 99.9 4 5 99.9 132 

*One-twentieth acre c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 4.0 t o  4.9 inches i n  diameter a t  4.5 f e e t  above the s o i l  

**Basal area i s  recorded i n  square f e e t  



T A B L E  2 . 7 - 1 0  

WOODY UNDERSTORY VEGETATION DATA OF THE C L I N C H  R I V E R  S I T E *  

M I X E D  HARDWOOD COMMUNITY AREA K 

Number R e l a t i v e  Basal  Area R e l a t i v e  D e n s i t y  R e l a t i v e  Impor tance 
o  f Frequency Frequency Dominance D e n s i t y  Value Index 

I n d i v i d u a l s  01 Acre** % Acre  Species % I V I  

T o t a l  4 100 100 3.29 100 20 100 100 

*One- twent ie th  a c r e  c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 5 .0  t o  5 .9  i nches  i n  d iame te r  a t  4 .5  f e e t  above t h e  s o i l  

**Basal a rea i s  reco rded  i n  square  f e e t  



T A B L E  2.7-11 

WOODY UNDERSTORY VEGETATION DATA O F  THE C L I N C H  R I V E R  S I T E *  

M I X E D  HARDWOOD COMMUNITY AREA L 

Number Basal Area R e l a t i v e  R e l a t i v e  Importance 
o f Dens i t y  Dominance Value Index 

Species I n d i v i d u a l  s Acre** % % I V I  

Acer saccharum 
(Sugar maple) 

F rax inus  americana 2 1 0.42 32.8 32.8 3 3 
(White ash) 

Ostrya v i r g i n i a n a  7 0.14 10.9 10.9 11 
(Hop hornbeam) 

Cerc is  canadensis 3 0.06 4.7 4.7 5 
(Redbud) 

mi ckory  ) 

Ulmus a l a t a  
(Winged* elm) 

Viburnum r u f i d u l u m  2 0.04 3.1 3.1 3 
(Rusty blackhaw) 

Acer rubrum 
(Red maple) 

Aesculus s y l v a t i c a  
Pa in ted  buckeye) 

Cornus f 1 o r i  da 1 0.02 1.6 1.6 2 
(F lower ing  dogwood) 

T o t a l  64 1.28 100.0 100.0 101 

*One-twentieth ac re  c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 0.0 t o  0.9 inches i n  d iameter  
a t  4.5 f e e t  above t h e  s o i l  

**Basal area i s  recorded i n  square f e e t  



TABLE 2.7-12 

WOODY UNDERSTORY,VEGETATION DATA OF THE CLINCH RIVER SITE* 

MIXED HARDWOOD COMMUNITY AREA L 

Number Basal Area R e l a t i v e  R e l a t i v e  Importance 
of Dens i ty  Dominance Value Index 

Species I n d i v i d u a l s  Acre** % % I V I  

Acer saccharum 
(Sugar map1 e )  

Cerc is  canadensis 
(Red bud) 

Ost rya v i r g i n i a n a  1 0.24 33.3 33.3 33 
(Hop hornbeam) 

Tota l ,  

*One-twentieth ac re  c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 1.0 t o  1.9 inches i n  diameter 
a t  4.5 f e e t  above t h e  s o i l  

**Basal area i s  recorded i n  square f e e t  



TABLE 2.7-13 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH RIVER SITE* 

MIXED HARDWOOD COMMUNITY AREA L 

Number Basal Area Re la t i ve  Re la t i ve  Importance 
o f Densi ty  Dominance Value Index 

Species I n d i v i d u a l s  Acre** % % I V I  

Ulmus a l a t a  
(Winged elm) 

Car a ovata 1 0.68 3 3 . 3  3 3 . 3  33 
h i  ckory ) 

- 

Tota l  3 2.04 100.0 100.0 

*One-twentieth acre c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 2.0 t o  2.9 inches i n  diameter 
a t  4.5 f e e t  above the  s o i l  

**Basal area i s  recorded i n  square f e e t  



TABLE 2.7-14 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH R I V E R  SITE* 

MIXED HARDWOOD COMMUNITY AREA L 

Number Basal Area R e l a t i v e  R e l a t i v e  Importance 
o f  Dens i ty  Dominance Value Index 

Species I n d i v i d u a l s  Acre ** % % I V I  

Acer saccharum 
(Sugar map1 e )  

Juniperus v i r g i n i a n a  1 1.34 5 0 5 0 50 
(Eastern redcedar) ' 

T o t a l  

*One-twent ieth acre c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 3.0 t o  3.9 inches i n  d iameter  
a t  4.5 f e e t  above the  s o i l  

**Basal area i s  recorded i n  square f e e t  



TABLE 2.7-1 5 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH R I V E R  SITE* 

MIXED HARDWOOD COMMUNITY AREA L 

Number Basal Area Re1 a t i  ve Re1 a t i v e  Importance 
o f  Densi ty  Dominance ~ a i  ue Index 

Species I n d i v i d u a l s  Acre ** % % I V I  

Car a ovata 
h i  ckory ) 

2 4.40 100 100 100 

*One-twentieth acre c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 4.0 t o  4.9 inches i n  
diameter a t  4.5 f e e t  above the s o i l  

**Basal area i s  recorded i n  square f e e t  



TABLE 2.7-16 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH R I V E R  SITE* 

MIXED HARDWOOD COMMUNITY AREA L 

Number Basal Area R e l a t i v e  R e l a t i v e  Importance 
o f Dens i ty  Dominance Value Index 

Speci es I n d i v i d u a l  s Acre ** % % I V I  

Acer saccharum 
7 ~ u g a r  maple) 

To ta l  

*One-twentieth acre c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 5.0 t o  5.9 inches i n  diameter 
a t  4.5 f e e t  above t h e  s o i l  

**Basal area i s  recorded i n  square f e e t  



TABLE 2.7-17 

WOODY UNDERSTORY VEGETATION DATA OF THE CL INCH R IVER S I T E *  

MIXED HARDWOOD COMMUNITY AREA L 

Number Basal  Area R e l a t i v e  D e n s i t y  R e l a t i v e  Impor tance  
of Dominance --- D e n s i t y  Value Index  

Species I n d i v i d u a l s  Acre** Acre I V I  

Acer  rubrum 
(Red maple)  

O s t r y a  v i r g i  n i a n a  S 0.16 19.5 160 19 .5  16 
(Hop hornbeam) 

Oxydendron arboreum 7 0.14 17.0 140 17.1 14 
(Sourwood) 

F r a x i n u s  amer icana 
7Whi te  a s h )  

Euonymus amer i  cana 
(S tawber ry  bush)  

A c e r  saccharum 
(Sugar map le )  

Cornus f l o r i d a  
( F l o w e r i n g  dogwood) 

Fagus g r a n d i  f o l  i a 
(Ameri can beech)  

L i q u i  dambar s t y r a c i  f 1 ua 
(Sweet gum) 

Car a tomentosa 
b o r y  

T o t a l  

*One- twen t ie th  a c r e  c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 0 .0  t o  0.9 inches  i n  d iamete r  a t  4.5 f e e t  
above t h e  s o i l  

**Basal a r e a  i s  r e c o r d e d  i n  square f e e t  



TABLE 2.7-18 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH R I V E R  SITE* 

M I X E D  HARDWOOD COMMUNITY AREA L 

Number Basal Area R e l a t i v e  Dens i ty  Re1 a t i v e  Importance 
o f  Domi nance Dens i ty  Value Index 

Species . I n d i v i d u a l s  Acre** % Acre % I V I  

Oxydendron arboreum 3 0.72 42.8 6 0 42.8 40 
(Sourwood ) 

N 
Vaccinium arboreum 

V 
(High bush b luebe r r y )  

I 
A 
-1 

o To ta l  

*One-twent ieth ac re  c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 1.0 t o  1.9 inches i n  d iameter  a t  
4.5 f e e t  above t h e  s o i l  

**Basal area i s  recorded i n  square f e e t  



TABLE 2.7-19 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH RIVER S I T E *  

MIXED HARDWOOD COMMUNITY AREA L 

Number Basal Area R e l a t i v e  Densi ty  R e l a t i v e  Importance 
o f  Dominance Densi ty  Va lue Index  

Species I n d i v i d u a l s  Acre** % Acre % I V I  

Uxydendron arboreurn 4 2.72 50.0 80 50.0 4 1 
(Sourwood) 

Vacc i n i  urn arhoreum 
(High bush b lueber ry )  

Nyssa s v l v a t i c a  
(Black gum) 

Acer rubrum 
(Red maple) 

To ta l  8 5.44 100.0 160 100.0 1 00 

*One-twentieth acre c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 2.0 t o  2.9 inches i n  diameter a t  4.5 f e e t  
above t he  s o i l  

**Basal area i s  recorded i n  square f e e t  



TABLE 2.7-20 

WOODY UNDERSTORY VEGETATION DATA OF THE CL INCH R IVER S I T E *  

M IXED HARDWOOD COMMUNITY AREA L 

Number Basal Area Relat ive Density Relative Importance 
o f Dominance - Densi t y  Val ue Index 

Species Individuals  Acre % Acre % IVI 

Acer saccharum 1 1.34 33.3 20 33.3 33 
(Sugar maple) 

Acer rubrum 
(Red maple) 

Liquidambar s t y r a c i f l u a  1 1.34 33.3 20 33.3 33 
(Sweet gum) 

Total 3 4.02 99.9 60 99.9 9 P 

*One-twentieth acre  c i r c u l a r  p lo t s  were u t i l i z e d  f o r  stems 3.0 t o  3.9 inches in diameter a t  4 .5  f e e t  
above the s o i l  

**Basal area i s  recorded in square f e e t  



TABLE 2.7-21 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH RIVER S I T E *  

M IXED HARDWOOD COMMUNITY AREA L 

- - 

Number Basal Area Relative Density Relative Importance 
of Dominance Density Value Index 

Species Individuals Acre** % Acre % IVI 

Oxydendron arboreurn 
(Sourwood) 

Acer rubrurn 
'(Red maple) 

Total 

*One-twentieth acre circular plots were utilized for  stems 4.0 to 4.9 inches in diameter a t  4 .5  feet  
above the soil 

**Basal area i s  recorded in square feet 



TABLE 2.7-22 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH R IVER S I T E *  

M IXED HARDWOOD COMMUNITY AREA L 

Number Basal  Area R e l a t i v e  Dens i t y  R e l a t i v e  Importance 
o f  Dominance Uensi ty  Value Index 

Species I n d i v i d u a l s  Acre % Acre % I V I 

T o t a l  1 3.3 100 2 0 100 100 

- - 
L 

*One- twent ie th  ac re  c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 5.0 t o  5.9 i nches  i n  d iamete r  a t  4.5 f e e t  
above t h e  s o i l  

**Basal area i s  recorded i n  square f e e t  



TABLE 2.7-23 

WOODY AND HERBACEOUS GROUND COVER DATA OF THE CLINCH R I V E R  S I T E *  

M IXED HARDWOOD COMMUNITY AREA K 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Importance 
o f Frequency Frequency Densi ty  Cover Cover Value Index 

Species I n d i v i d u a l s  % % % si o, I V I  

Sassafras a1 bidum 21 100 3.3 16.0 12.5 18.2 15 
(Sassafras)  

Acer saccharum 
(Sugar maple) 

Vaccinium stamineum 
(Deerberry) 

Cerc is  canadensis 
7Redbud) 

Acer rubrum 
(Red maple) 

Asp1 en i  um p l  atyneuron 6 25 2.3 4.6 3.0 4.3 4 
(Ebony sp leenwort )  

Smi 1 ax g l  auca 
(Sawbr ier )  

Ostrya v i r g i n i a n a  
(Hop hornbeam) 

( C o n t i n u e d )  



TABLE 2 . 7 - 2 3  ( C o n t i n u e d )  

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Impor tance 
o f Frequency Frequency D e n s i t y  Cover Cover Va lue Index 

O! Species I n d i v i d u a l s  X % % I V I  

4 75 7 .O 3.0 1 .O 1 . 4  4 

Quercus v e l u t i n a  
(B lack  oak)  

Smi lac ina  racemosa 
(Fa1 se so lomon ' s - sea l  ) 

Geum canadense 
(Whi te  avens) 

Rhus r a d i c a n s  
(Po i  son - i  vy ) 

Quercus r u b r a  
(Red oak )  

Chima h i l a  macu la ta  
Spo t ted  w i n t e r g r e e n )  7- 

Cornus f 1 o r i  da 
( F l o w e r i n g  dogwood) 

( c o n t i n u e d )  



TABLE 2.7-23 (Continued) 

~ -- 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Impor tance 
o f Frequ'ency Frequency Derisi t y  Cover Cover Va lue Index 

Species I n d i v i d u a l s  % % :: 0' I V I  

Pa r thenoc i ssus  q u i n q u e f o l i a  2 25 2.3 1 .5  1 .O  1.4 3 
I V i r g i n i a  c r e e p e r )  

V i t i s  r o t u n d i f o l  i a  
(Wild g rape )  

Car a l a b r a  
+ory) 

Rubus sp 
(B lackber ry )  

F r a x i n u s  americana 
(Whi te  ash)  

Conophol i s  amer i  cana 
(Squawroot)  

Hepa t i ca  a c u t i l o b a  
(Sharp- lobed h e p a t i c a )  

(Continued) 



TABLE 2.7-23 (Continued) 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Impor tance 
o f  Frequency Frequency D e n s i t y  Cover Cover Va lue Index 

Species I n d i v i d u a l s  c< 01 Z :[ I V I  

L i r i o d e n d r o n  t u l  i p i f e r a  
l T u l  i p pop1 a r  ) 

Oxydendrum arboreurn 
(Sourwood) 

Unknown g rass  1  25 2 .3  0.8 0 . 5  0 .7  1  

T o t a l  

*One-thousandth a c r e  c i r c u l a r  p l o t s  were u t i  1  i z e d  



T A B L E  2.7-24 

WOODY AND HERBACEOUS GROUND COVER DATA OF THE C L I N C H  R I V E R  S I T E *  

M I X E D  HARDWOOD COMMUNITY AREA L 

Number R e l a t i v e  Re1 a t i v e  Impor tance 
o -; Densi t v  Cover Cover Value Index 

/s % I ~ n d i v i d u a l  s /a IVI Species 

Acer saccharurn 
(Sugar maple) 

C e r c i s  canadens is  
(Redbud)-- 

Os t r ya  v i r g i n i a n a  
(Hop hornbeam) 

L o n i c e r a  j a p o n i c a  
( ~ a p a n e s e  honeysuck le)  

Po l  odium,f i r  i n i a x  
~ P O l Y P O ~  

Asp len ium p l a t y n e u r o n  
(Ebony sp leenwor t )  

Geum canadense 
w h i t e  avens)  

V i t i s  r o t u n d i f o l  i a  
V i  I d  grape)  

Cornus f l o r i d a  
(F lower1 ng dogwood) 

Bi gnon i  a cap reo l  a t a  
( c r o s s v i n e )  

( Continued) 



TABLE 2.7-24 (Cont i  nued)  

Number R e l a t i v e  R e l a t i v e  Impor tance 
o f  Dens i t y  Cover Cover Value Index  

I n d i v i d u a l s  Species 1 % I V I  

Smi 1 a c i  na racemosa 
T ~ a l s e  So lomon ' s - sea l )  

Rhamnus c a r o l  i n i a n u s  
( C a r o l i n a  b u c k t h o r n )  

Prunus s e r o t i  na 
(B lack  c h e r r y )  

Viburnum r u f i d u l u m  1 1.4 5 .0  12.5 7 
(Rusty  blackhaw) 

T o t a l  

*One-thousandth a c r e  c i r c u l a r  p l o t s  were u t i l i z e d  



T A B L E  2.7-25 

WOODY AND HERBACEOUS GROUND COVER DATA OF T H E  C L I N C H  R I V E R  S I T E *  

M I X E D  HARDWOOD COMMUNITY AREA L 

Number Relat ' ive R e l a t i v e  Impor tance 
o f  D e n s i t y  Cover Cover Value Index 

Species I n d i v i d u a l s  % I I V I  

Euonymus americanus 17 26.1 5.0 21.3 2 4 - 
(American St rawberry-bush)  

C e r c i s  canadens is  
(Redbud) 

Acer rubrum 
(Red maple) 

Chimaphi l a  o iacu la ta  4 
( S p o t t e d  w i n t e r g r e e n )  

Acer saccharum 
(Sugar maple) 

Car a tomentosa 3 4 .6  1 . 0  4.3 
-bry) 

T i p u l a r i a  d i s c o l o r  
I C r a i n f l y  o r c h i d )  

Viburnum r u f i d u l u m  2 3 .1  1 .0  4 . 3  
l ~ u s t ~  blackhaw) 

Rubus sp. 2 3.1 0.5 2.1 
x x k b e r r y  ) 

Quercus v e l  u t i n a  2 3.1 1 .O 4.3 
(B lack  oak)  

( C o n t i n u e d )  



TABLE 2.7-25 (Continued) 

Number R e l a t i v e  R e l a t i v e  Impor tance 
o f D e n s i t y  Cover Cover Value Index  

Species I n d i v i d u a l s  % a! I V I  

Podophyl 1 um p e l  t a t u ~ n  2 3. 1. 3.0 12.8 
(May a p p l e )  

Smi 1 a c i  na racemosa 2 3 .1  2 .0  8.5 
TFa lse  so loman's-sea l  ) 

Os t r ya  v i r g i n i a n a  
(Hop hornbeam) 

V i o l a  sp. 
m e t )  

V i t i s  r o t u n d i f o l i a  
( L i  l d  grape)  

F r a x i  nus ameri  cana 
(Whi te  ash)  

T o t a l  65 99.8 23.5 100.0 102 

*One-thousandth ac re  c i r c u l a r  p l o t s  were u t i  1 i z e d  



TABLE 2.7-26 

WOODY AND HERBACEOUS GROUND COVER DATA OF THE CL INCH RIVER S I T E *  

M IXED HARDWOOD COMMUNITY AREA A 

Number Relative Relative Importance 
of Density Cover Cover Value Index 

Species Individuals I> I IVI 

Sassafras a1 bidurn 
7Sassafras) 

Nyssa sylvatica 
(Black gum) 

Prunus serotina 
(Black cherry) 

Smilax sp. 
7JFG5ibrier) 

Liriodendron tul  i pifera 3 
ITul lp  poplar) 

Vi t i s  rotundifol i a  2 
W i l d  grape) 

Parthenocissus quinquefolia 1 
(Virginla creeper)  

Vi t i s  sp. 
grape) 

(Continued) 



TABLE 2.7-26 (Cont inued) 

Number R e l a t i v e  R e l a t i v e  Impor tance 
o f D e n s i t y  Cover Cover Value Index  

Spec ies  I n d i v i d u a l s  <I. I V I  

Ace r  saccharum 
(Sugar maple)  

Podo h 1 lum p e l t a t u m  * 1 2.9 1 . 0 1 . 0  

Smi l a c i n a  racemosa 
( F a l s e  So lomon 's -sea l  ) 

L iqu idambar  s t y r a c i f l u a  1 2 . 9  
(Sweet gum) 

Quercus r u b r a  
(Red oak )  

---- - 
T o t a l  35 101 . O  90.0 98.0 100 

*One-thousandth a c r e  c i r c u l a r  p l o t s  were u t i l i z e d  



T A B L E  2.7-27 

WOODY AND HERBACEOUS GROUND COVER DATA OF THE C L I N C H  R I V E R  S I T E *  

M I X E D  HARDWOOD COMMUNITY AREA D 

Number R e l a t i v e  R e l a t i v e  Importance 
o f Cover Cover Dens i t y  Value Index 

Species I n d i v i d u a l s  % % % I V I  

Panicum sp. 
( P a n i c g r a s s  ) 

Cerc i s  canadensis 
( Redbud) 

Smi lax  sp. 
. K b r i  e r )  

Ch imaphi la  macu la ta  
( s p o t t e d  w i n t e r g r e e n )  

Gal ium sp. 5 1 .O 3.2 6.8 5 
(Bedst raw)  

Quercus r u b r a  
(Red oak) 

Acer saccharum 
(Sugar map1 e )  

(Cont inued)  



TABLE 2.7-27 (Continued) 

Number R e l a t i v e  R e l a t i v e  Importance 
o f Cover Cover D e n s i t y  Value Index 

Species I n d i v i d u a l s  % % % I V  I 

Asplenium p l a t y n e u r o n  3 1 .O 3.2 4.0 4 
(Ebony s p l  eenwor t )  

L i  r i odendron  t u l  i p f e r a  
( T u l i p  t r e e )  

Acer rubrum 
(Red maple) 

A r i  s t 0 1  och i  a s e r p e n t a r i  a 
q ~ i r g i n i a  snake roo t )  

Sassaf ras  a lb idum 
(Sassaf ras)  

yuercus f a l c a t a  
Southern r e d  oak) 

D ioscorea v i l l o s a  
( W i l d  yam) 

(Continued) 



TABLE 2.7-27 (Cont inued)  

Number R e l a t i v e  R e l a t i v e  Impor tance 
o f Cover Cover D e n s i t y  Value Index 

Species I n d i v i d u a l s  % % % I V I  

H e x a s t y l i s  a r i f o l i a  1 1 .O 3.2 1.3 2 
( L i t t l e  brown j u g )  

Rhamnus c a r o l  i n i a n u s  
( C a r o l i n a  buck tho rn )  

Cornus f l  o r i d a  
(F lower ing  dogwood) 

Leguninosae 
(Unknown spec ies)  

T o t a l  

*One-thousandth ac re  c i r c u l a r  p l o t s  were u t i  1 i z e d  



TABLE 2.7-28 

WOODY AND HERBACEOUS GROUND COVER DATA OF THE CL INCH R IVER S I T E *  

M IXED HARDWOOD COMMUNITY AREA J 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Importance 
o f  Frequency .Frequency Cover Cover Dens i t y  Value Index 

Species I n d i v i d u a l s  % % % Z I V :  

Desmodium sp. 61 100 4.5 21 . O  12.9 16.1 11 
( S t i c k t i g h t s )  

Sassafras a l b i d i u m  
(Sassaf ras)  

Lon ice ra  j a p o n i c a  3 2  33 1 .5  2.0 1.2 8 .9  4 
(Japanese honeysuck le)  

Par thenoc issus q u i n q u e f o l i a  
( V i r g i n i a  c reeper )  

Euonymus obovatus 26 3  3  1 .5  4.0 2.4 6.8 3 
(Running s t rawber ry -bush )  

Smilax sp. 
( G r e e n b r i a r )  

H e x a s t y l i s  a r i f o l i a  
( L i t t l e  brown j u g )  

Prunus s e r o t i n a  
(B lack c h e r r y )  

Panicum sp. 
( P a n i c g r a s s )  

( C o n t i n u e d )  



TABLE 2.7-28 (Continued) 

Number Rela t ive  Relat ive Relat ive Importance 
o f Frequency .Frequency Cover Cover Density Value Index 

I 
01 *D % Individuals  Species 10 IVI 

Cercis canadensis 
( Redbud) 

Polygonatum bi florum 
(Common solomon's -seal  ) 

Chimaphi l a  maculata 
(Spotted wintergreen)  

Liriodendron t u l  i p f e r a  
(Tul i p pop1 a r )  

Smilacina sp .  7 3 3 1 . 5  4 .0  2 . 4  1 . 8  2 
( F a l s e l o m o n ' s - s e a l  ) 

Galium circaezans 
(Bedstraw) 

(Continued) 



TABLE 2.7-28 (Continued) 

-- - 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Impor tance 
o f Frequency 'Frequency Cover Cover D e n s i t y  Value Index 

I n d i v i d u a l s  % Species 0,  13 I V I  

Quercus a l b a  
(Whi te  oak)  

V i o l a  t r i l o b a  5 3 3 1 .5  0 .5  0 .3  1 .3  1 
(Th ree - l obed  v i o l e t )  

Rhamnus c a r o l  i n i  anus 
( C a r o l i n a  b u c k t h o r n )  

A r i s t o l o c h i a  s e r p e n t a r i a  4 3 3 1 .5  0 .5  0 .3  1.1 1 
( V i r g i n i a  snake roo t )  

Oxydendron arboreum 
(Sourwood) 

,Quercus SP. 
( O a k e d l  i n g )  

V i o l a  h i r s u t u l a  3 3 3 1 .5  0 .5  0 .3  0.8 1 

(Continued) 



TABLE 2.7-28 (Continued) 

Number Rela t ive  Relat ive Relat ive Importance 
of Frequency ' Frequency Cover Cover Density Value Index 

Species Individuals  Z % IVI 

Grass sp.  3 3 3 1 . 5  0.5 0 . 3  0 . 8  1 

Cornus f l o r i d a  3 6 7 3.0 35.0 2 1 . 5  0 . 8  8 
(FI oweri ng dogwood) 

Dioscorea qua te rna ta  3 3 3 1 . 5  2.0 1 . 2  0 . 8  1 
(Wild yam) 

Vaccinium v a s c i l l a n s  

Juniperus v i rg in iana  3 33 1 .5  1 . O  0.6 0 . 8  1 
(Eastern redcedar)  

V i t i s  r o t u n d i f o l i a  
(Wild grape)  

Amelanchier sp .  
(Serviceberry 

Euon mus a m e r i c a n s  2 3 3 1 . 5  1 . O  0.6 C.5 1 
-wry bush) 

(Continued) 



TABLE 2.7-28 (Cont inued) 

-- 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Impor tance 
o f  Frequency Frequency Cover Cover D e n s i t y  Value Index 

Species I n d i v i d u a l s  . %  % % 4 I V  I 

S c u t e l l a r i a  e l l i p t i c a  
( H a i r y  sku1 1 cap)  

Veron ica  s e r p y l l i f o l i a  
(Thyme-1 eaved speedwel l  ) 

Geum canadense 
(White avens) 

Asplenium p l a t y n e u r o n  
(Ebony s p l e e n w o r t )  

I l e x  o aca  holly) 
Convolvu lus  sp. 
(Bindweed) 

Lespedeza procumbens 1 3 3 1.5 1 . O  0 . 6  0 .3  1 
(Bush c l o v e r )  

T o t a l  381 2227 100.5 162.5 98.9 100.9 102 

*One-thousandth a c r e  c i r c u l a r  p l o t s  were u t i l i z e d  



TABLE 2.7-29 

WOODY AND HERBACEOUS GROUND COVER DATA OF THE CLINCH R IVER S I T E *  

NATURAL P I N E  COMMUNITY AREA C 

Number Re la t i ve  Re la t i ve  Importance 
o f Cover Cover Dens i t y  Value Index 

Species I n d i v i d u a l s  % % % I V  I 

Quercus f a l c a t a  
(Southern r ed  oak) 

P o t e n t i l l a  canadensis 4 f .O 1 .O 8.5 5 
(Canadian c i nque fo i  1 ) 

Act inomer is  a1 t e r n i f o l  i a  
(Angle stem) 

Fraxinus americana 
7White ash) 

Galium sp. 
--raw) 

Chimaphi 1 a macul a t a  
(Spotted wintergreen)  

Rhus' rad icans 
(Poison i v y )  

$%;! j 
Goodyera pubescens 
(Downy ra t t l e snake  p l a n t a i n )  

(Continued) 



TABLE 2.7-29 ( C o n t i n u e d )  

Number R e l a t i v e  R e l a t i v e  Importance 
o f  Cover Cover Dens i t y  Value Index 

Species I n d i v i d u a l s  % % ?L I V I  

Senecio smal l  i 
(Small ' s r a g w o r t )  

Acer rubrum 
(Red maple) 

Cornus f l o r i d a  
(F lower ing  dogwood ) 

Smi lax  spp. 
-br ie r )  

Asp1 enlum p l a t y n e u r o n  
(Ebony sp leenwor t )  

Lon i  ce ra  j a p o n i c a  
(Japanese honeysuck 

Quercus muh lenberg i i  
(Ye l l ow  oak) 

( C o n t i n u e d )  



TABLE 2.7-29 (Continued) 

Number Relat ive Relat ive Importance 
of Cover Cover Density Value Index 

Species Individuals  % % % IV I 

Prunus s e r o t i  na 
(Black cher ry)  

Rhamnus carol  in i anus 
(Carol ina buckthorn) 

Lactuca s p ~ .  
( W i l d e t t u c e )  

Carex sp.  
m G e  ) 

Hieracium sp .  
(Hawkweed) 

Total 4 7 101 . O  100.3 100.1 101 

*One-thousandth ac r e  c i r c u l a r  p lo t s  were u t i  1 i zed 



T A B L E  2 . 7 - 3 0  

WOODY AND HERBACEOUS GROUND COVER VEGETATION DATA OF THE C L I N C H  R I V E R  S I T E *  

NATURAL P I N E  COMMUNITY AREA G 

Number R e l a t i v e  R e l a t i v e  Importance 
o f Cover Cover D e n s i t y  Value Index 

Species I n d i v i d u a l  s % % % I V  I 

Lon ice ra  j a p o n i c a  
(Japanese honeysuck le)  

Geum canadense 
(White avens) 

Smi lax sp. 12 1 .O 5.5 18.2 11 
(Greenbr i  e r )  

Rhus r a d i c a n s  
(Poison i v y )  

Cornus f l o r i d a  
(F lower ing  dogwood) 

Rhamnus c a r o l  i n i a n u s  
( C a r o l i n a  buck tho rn )  

C e l t i s  sp. 
(Hackberry) 

V i t i s  r o t u n d i f o l i a  
(W i ld  grape)  

( C o n t i n u e d )  



TABLE 2.7-30 (Continued) 

Number Relat ive Relat ive Importance 
o f Cover Cover Density Value Index 

Species Individuals  % % % IVI 

Galium sp .  1 1 .O 5.5 1 .5  4 
(Bedstraw ) 

Prunus s e ro t i na  
(Black cherry)  

Parthenoci ssus qui nquefol i a 
(Vi rg in ia  c reeper )  

Total 

*One-thousandth ac r e  c i r c u l a r  p lo t s  were u t i  1 ized 



T A B L E  2.7-31 

WOODY AND HERBACEOUS GROUND COVER DATA OF THE C L I N C H  R I V E R  S I T E *  

NATURAL P I N E  COMMUNITY AREA H 

Number Rela t ive  Re1 a t i v e  Importance 
of Cover Cover Density Value Index 

Species Individuals  % % % I V I 

11 20 35.1 23.4 2 9 

Lonicera japoni ca 10 25 43.9 21.3 3 3 
(Japanese honeysuckle) 

Asplenium pl atyneuron 
(Ebony spl  eenwort) 

Cornus f 1 o r i  da 
(Flowering dogwood) 

Rhus rad i  cans 
(Poison i vy )  

Fragaria  v i rg in i ana  
(Mi 1 d s t rawberry)  

Actinomeris a1 t e r n i f o l i a  
(Angel stem) 

Eu la l i a  riminea 
( E u l a l i a )  

(Continued) 



TABLE 2.7-31 (Continued) 

Number Relative Relative Importance 
of Cover Cover Density Value Index 

Species Individuals % % % I V I  

Prunus serotina 
(Black cherry) 

Rubus sp. 
(Blackberry) 

Total 47 5 7 99.6 100.0 100 

*One-thousandth acre c i rcular  plots were ut i l ized 



T A B L E  2.7-32 

OVERSTORY VEGETATION DATA OF THE C L I N C H  R I V E R  S I T E *  

W H I T E  P I N E  P L A N T A T I O N  AREA I 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Basal  Area Impor tance 
o  f Frequency Frequency D e n s i t y  Dominance Value Index 

Species I n d i v i d u a l s  X "!. % :! Acre** I V I  

P inus s t r o b u s  
(White p i n e )  

P inus e c h i n a t a  5  100 25.0 8 .2  7 .9  5.06 14 
( S h o r t l e a f  p i n e )  

Sassaf ras  a lb idum 
(Sassaf ras  ) 

P inus taeda 
( L o b l o l  l y  p i n e )  

L i  r i o d e n d r o n  t u l  i p i  f e r a  
( T u l i p  p o p l a r )  

L iqu idambar  s t y r a c i f l  ua 1  5  0  12.5 1.6 3 .3  2.10 6  
(Sweet gum) 

T o t a l  6  1  100.0 99.9 100.0 63.66 1  00 

* O n e - f i f t h  a c r e  c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems l a r g e r  t han  5 .9  i nches  a t  4.5 f e e t  above t h e  s o i l  

**Basal a rea  i s  reco rded  i n  square  f e e t  



TABLE 2.7-33 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH RIVER SITE*  

WHITE PINE PLANTATION AREA I 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Basal Area Importance 
o f Frequency Frequency Dominance Densi ty  Value Index 

I n d i v i d u a l s  % % Acre** Species I V  I 

Cornus f l o r i d a  9 100 66.7 90 90 1.08 82 
(F lower ing dogwood) 

Pinus s t robus 
(White p i n e )  

To ta l  

*One-twentieth acre p l o t s  were u t i l i z e d  f o r  stems 1.0 t o  1.5 inches i n  diameter a t  4.5 fee t  above the s o i l  

**Basal area i s  recorded i n  square f e e t  



TABLE 2.7-34 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH RIVER S I T E *  

WHITE P I N E  PLANTATION AREA I 

Number Re1 a t i v e  R e l a t i v e  Re1 a t i v e  Basal  Area Impor tance 
o f  Frequency Frequency Dominance D e n s i t y  Va lue Index 

Species I n d i v i d u a l s  Acre** I V I  01 % C, 

Cornus f l o r i d a  9  100 33.3 56.2 56.2 3.06 49 
( F l o w e r i n g  dogwood) 

P inus s t r o b u s  
(Whi te  p i n e )  

Rhamnus c a r o l i n i a n u s  
( C a r o l i n a  b u c k t h o r n )  

T o t a l  16 100.0 99.9 99.9 5.40 101 

"One- twent ie th  a c r e  c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 2 .0  t o  2.9 inches i n  d iame te r  a t  4 .5  f e e t  above t h e  
s o i  1  

**Basal a rea  i s  reco rded  i n  square  f e e t  



TABLE 2.7-35 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH RIVER S I T E *  

WHITE P I N E  PLANTATION AREA I 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Basal ,Area Importance 
o f Frequency Frequency Dominance Densi ty  Value Index 

Species I n d i v i d u a l s  % % % "/, Acre** I V I  

Pinus s t robus 
(White p ine)  

Cornus f l o r i d a  3 50 20.0 25.0 25.0 
(F lower ing dogwood) 

Diospyros v i r g i n i a n a  2 50 
7Persimmon) 

Acer rubrum 1 50 20.0 8.3 8.3 0.67 12 
(Red maple) 

To ta l  12 100.0 100.0 100.0 8.04 100 

*One-twentieth acre c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 3.0 t o  3.9 inches i n  diameter a t  4.5 f e e t  above 
the  s o i l  

**Basal area i s  recorded i n  square feet  



TABLE 2.7-36 

WOODY UNDERSTORY VEGETATION DATA OF THE CL INCH R IVER S I T E *  

WHITE P I N E  PLANTATION AREA 1 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Basal  Area Impor tance 
of  Frequency Frequency Dominance Densi t y  Va lue Ir idex 

Species I n d i v i d u a l s  7; % Acre** I V I  01 

Pinus s t r o b u s  9 100 50.0 64.3  64.3 9.90 60 
(Whi te  p i n e )  

D iospyros  v i r g i n i a n a  5 100 50.0 35.7 35.7 5.50 4 0 
(Persimmon)' 

T o t a l  14 100.0 100.0 100.0 15.40 100 

*One- twent ie th  a c r e  p l o t s  were u t i l i z e d  f o r  stems 4.0 t o  4.9 i nches  i n  d iame te r  a t  4.5 f e e t  above t h e  s o i l  

**Basal a rea i s  reco rded  i n  square f e e t  



TABLE 2.7-37 

WOODY UNDERSTORY VEGETATION DATA OF THE CLINCH R I V E R  S I T E *  

WHITE P I N E  PLANTATION AREA I 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Basal  Area Impor tance 
o f Frequency Frequency Dominance E ? n s i t y  Value Index 

I n d i v i d u a l s  % :4 Species o,  % Acre** I V I  

P inus s t r o b u s  
(Whi te  p i n e )  

Sassaf ras  a lb idum 1 50 33.3 16.7 16.7 1.65 2 2 
( s a s s a f r a s )  

T o t a l  6 150 100.0 100.0 100.0 9 .90 1 00 

*One- twent ie th  ac re  c i r c u l a r  p l o t s  were u t i l i z e d  f o r  stems 5.0 t o  5.9 inches i n  d iame te r  a t  4.5 f e e t  above 
t h e  s o i l  

**Basal a rea  i s  recorded i n  square  f e e t  



TABLE 2.7-38 

WOODY AND HERBACEOUS GROUND COVER DATA OF THE CLINCH RIVER S I T E *  

WHITE PINE PLANTATION AREA I 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Impor tance 
o f Frequency Frequency Cover Cover D e n s i t y  Va lue Index 

Species I n d i v i d u a l s  O< ,, I V I  

L o n i c e r a  j a p o n i c a  12 100 15.4 1 . O  15 .4  35.3 2 2 
(Japanese honeysuck le )  

T i p u l a r i a  d i s c o l o r  4 100 15.4  1 .O 15.4 11.8 14  
1 C r a n e - f l y  o r c h i d )  

L iqus t rum s ineuse  
( P r i v e t )  

Rhus r a d i c a n s  3 50 
(Po i son  i v y )  

Asp len ium p l  a t yneu ron  2 50 7 . 7  0.5  7 . 7  6 .0  7  
(Ebony s p l e e n w o r t )  

Sassafras a lb idum 
(Sassa f ras )  

P a r t h e n o c i s s i s  q u i n q u e f o l  i a  
( V i r g i n i a  c r e e p e r )  

Rubus sp. 
( B l a c k b e r r y )  

Cornus f l o r i d a  1 50 7 . 7  0.5 7 . 7  2.9 6 
( F l o w e r i n g  dogwood) - 

T o t a l  34 100.1 6.5 100.1 100.4 99 

*One-thousandth a c r e  c i r c u l a r  p l o t s  were u t i l i z e d  



TABLE 2.7-39 

WOODY AND HERBACEOUS GROUND COVER DATA OF THE CL INCH R IVER S I T E *  

CEDAR GLADE COMMUNITY AREA E 

Number Relative Relative Relative Importance 
o f Frequency .Frequency Cover Cover Density Value Index 

Species Individuals % % X X IVI 
Triodia flava 
(Purpl etop) 

Houstonia tenuifolia 
Islender-leaved summer 
bluet) 

Fragaria virginian 
7wi ld strawberry) 
Daucus carota 
]Queen Anne's lace) 

Salvia 1 rata 
-sage) 

Desmodi um sp . 
(Stickghts) 

Chr santhemum leucanthemum 

Prune1 1 a vul gari s 
(Self-heal ) 

( C o n t i n u e d )  



TABLE 2.7-39 (Continued) 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Impor tance 
o f Frequency Frequency Cover Cover D e n s i t y  Va lue Index 

Species I n d i v i d u a l s  ?; !; I V I  

Grass sp. 11 50 2 .0  1 1.1 3.1 2 
(Unknown ) 

Verbena sp. 
( V e r v a i n  ) 

A l b i z i a  j u l i b r i s s i n  
( S i  1 k t r e e )  

Geum canadens is  
(Whi te  avens)  

Jun ipe rus  v i r g i n i a n a  
(Eas te rn  redceda r )  

Euphorb ia  c o r o l  l a t a  
( F l o w e r i n g  spurge)  

Gal ium sp. 
( B e d s t r a w )  

L o n i c e r a  j a p o n i c a  
]Japanese honeysuck le )  

(continued) 



TABLE 2.7-39 (continued) 

Number R e l a t i v e  R e l a t i v e  R e l a t i v e  Importance 
o f Frequency Frequency Cover Cover Densi ty  Value Index 

Species I n d i v i d u a l s  % % % Z % I V I  

Panicum sp. 
( P a n i c g r a s s )  

Rhus r a d i  cans 
(Poison i v y )  

Senecio s m a l l i  4 50 2.0 1 1.1 1.1 1 
I s m a l l  ' s  ragwort )  

Er ianthus sp. 
(P lumegrass)  

Oxa l i s  sp. 
( W o o d s o r r e l  ) 

Oenothera sp. 
(Even ingpr imrose)  

Leguninosae 
(Viny legume) 

Andro o on v i r  i n i c u s  2 50 2.0 1 1.1 0.6 1 
&e+ 

Cerc is  canadensis 
(Redbud) 

(Continued) 



TABLE 2.7-39 (Continued) 

Number . R e l a t i v e  R e l a t i v e  R e l a t i v e  Impor tance 
o f  Frequency Frequency Cover Cover D e n s i t y  Va lue Index 

Species I n d i v i d u a l s  % ti % I V I  

f G S 2 e i p .  
2 50 2.0 1 1 . 1  0 .6  1 

Les edeza sp 
o v e r  

Rhamnus c a r o l i n i a n u s  
(Ca ro l  i n a  buck tho rn )  

S o l i d a  o sp.  
&oa ) 

A i l a n t h u s  a1 t i s s i m a  
(Tree-o f -heaven)  

A c t i n o m e r i s  a1 t e r n i f o l i a  1 50 2.0 1 1.1 0 .3  1 
(Ang le  s tem)  

Carduus sp. 
( T h i s t l e  ) 

Prunus sp. 
(Cherry) 

(Continued) 



TABLE 2.7-39 (Continued) 

- - 

Number Relative Relative Relative Importance 
o f Frequency 'Frequency Cover Cover Density Value Index 

Species Individuals % % % % % IVI 

Quercus fa lca ta  
(Southern red oak) 

Quercus muehlenbergii 
(Yellow oak) 

Ruellia sp. 
(Wildpetunia)  

Smilax sp. 1 50 2.0 1 1 . 1  0.3 1 
(Greenbrier) 

Total 353 100.0 92 100.6 100.0 97 
- - 

*One-thousandth acre c i r cu la r  plots were uti  1 i zed 



TABLE 2 . 7 - 4 0  

WOODY AND HERBACEOUS GROUND COVER DATA OF THE CLINCH RIVER S I T E *  

HARDW OOD-CEDAR COMMUN I T Y  AREA F 

Number R e l a t i v e  R e l a t i v e  Importance 
o f Cover Cover Dens i t y  Va 1 ue Index 

I n d i v i d u a l s  7: .,' , Species I V I  

Euphorbia c o r o l  l a t a  19 1 1.2 15.3 8 
(F lower ing  spurge) 

P o t e n t i l l a  s implex  
(Carlada c i n q u e f o i  1 ) 

F r a g a r i a  v i r g i n i a n a  15 1 1 . 2  12.1 6 
( W i l d  s t r a w b e r r y )  

Geum candense 
(White avens) 

C e r c i s  canadensis 
(Redbud) 

Panicum sp. 
( P a n i c g r a s s )  

Penstemon sp. 
( B e a r d n g u e  ) 

5 1 1.2 4.0 

4 1 1 .2  3.2 

(Continued) 



TABLE 2.7-40 (Continued) 

Number Re la t i ve  Re la t i ve  Importance 
o f Cover Cover Densi ty  Value Index 

I n d i v i d u a l s  Species S % I V I  

Quereus muehlenbergi i  4 2 2 . 4  3 . 2  3 
(Yellow oak) 

C e l t i s  s ~ .  
?JiZEerry) 

Composi tae  (seed1 i ng ) 

Hustonia t e n u i f o i  l a  
(Slender-1 eaved sumner 
b l u e t )  

So l ida  o sp. 
&rod ) 

Unknown (seed1 i ngs )  

V i o l a  SP. 
TJE j i e  t ) 

Ceanothus americanus 
(New Jersey tea)  

(Continued) 



TABLE 2.7-40 (Cont inued) 

Number Re la t i ve  Re la t i ve  Importance 
of Cover Cover Densi ty  Value Index 

Species I n d i v i d u a l s  % % X I V I  

Juniperus v i r g i n i a n a  1  1  1.2 0.8 1  
(Eastern redcedar) 

Loni cera japonica 
I ~ a p a n e s e  honeysuckle) 

Pycnanthemum pycoranthemoides 
(Wi ld  m i n t )  

R u e l l i a  sp. 
( W i l d p e t u n i a )  

Senecio s m a l l i  1  1  1.2 0.8 1  
(Smal l ' s  ragwor t )  

Spige l  i a  mar i  i and i ca  
( I nd i an  p i n k )  

Ulmus a l t a  
(Winged elm) 

Unknown compos i t e  1  1  1.2 0.8 1  

To ta l  

*One-thousandth acre c i r c u l a r  p l o t s  were u t i  1  i zed  



TABLE 2.7-41 

WOODY PLANT COMMUNITIES AFFECTED BY THE PROPOSED TRANSMISSION ROUTE 

Overstory Communities 

Hardwood 

Pine p l a n t a t i o n  

Natural p ine  

Hardwood-natural pine-cedar 

Unforested 

Hardwood-natural p ine  

Hardwood-cedar 

Pine p lantat ion-cedar 

Natural pine-cedar 

Coverage* 

Acres % 

*Area a f fec ted  by the  proposed transmission rou te  = 3.2 m i les  x 150 f e e t  
wide = 58.2 acres. 



TABLE 2.7-42 

WOODY PLANT COMMUNITIES POTENTIALLY AFFECTED 

BY THE ALTERNATIVE TRANSMISSION ROUTE 

Overstory Communities 

Unforested 

Natura l  p ine  

Pine p l a n t a t i o n  

Hardwood 

Hardwood-cedar 

Hardwood-natural pine-cedar 

Natura l  pine-cedar 

Hardwood-natural p ine 

Cedar 

To t a  1 

Coverage* 

Acres % 

*Potent ia l  area af fected by the  a l t e r n a t e  t ransmiss ion r o u t e  = 
3.4 mi les  x 150 f e e t  wide = 61.8 acres. 



TABLE 2.7-43 

PLANT COMMUNITIES AND COVER TYPES ALONG THE PROPOSED 

CLINCH RIVER TRANSMISSION ROUTE 

I . Hardwood Commun i ty 

White oak--red oak--hickory 
Red oak--mockernut hickory--sweetgum 

Ye1 low popl ar--whi t e  oak--northern red oak 

Sweetgum--ye1 low popl a r  

Post oak--blackjack oak 

Scar le t  oak 

11. Hardwood--Natural Pine--Cedar Community 

111. Natural Pine Community 

Short1 eaf  p ine- -V i rg i  n i a  p ine  

V i r g i n i a  p ine  

Loblo l  l y  pine--short1 eaf  p i  ne 

Lob lo l  l y  p ine  

I V .  Open Community 

V.  Hardwood--Natural Pine Community 

Lob1 01 l y  p i  ne--hardwood 

V i r g i n i a  p i  ne--southern red oak 

V I .  Pine P lan ta t i on  

V I I .  Hardwood--Cedar Community 

V I I I  . Pine Plantation--Cedar Community 

I X .  Natural Pine--Cedar Communi ty 



TABLE 2.7-44 

PLANT COMMUNITIES AND COVER TYPES ALONG THE ALTERNATE 

CLINCH RIVER TRANSMISSION ROUTE 

I. Natura l  Pine Comnunity 

Short1 eaf  p i  ne--Vi rg i  n i  a p ine  

V i r g i n i a  p ine  

Lob101 l y  p ine - - sho r t l ea f  p ine  

Lob1 01 l y  p ine  

11. Hardwood Community 

White oak--red oak--hickory 

Northern red  oak--mockernut hickory--sweetgum 

Ye1 low pop1 ar--whi t e  oak--northern r e d  oak 

Sweetgum--yellow pop la r  

Post oak--blackjack oak 

S c a r l e t  oak 

111. Open Conmunity 

I V .  P ine P l a n t a t i o n  

V .  Hardwood--Natural Pine--Cedar Community 

V I .  Na tura l  Pine--Cedar Community 

V I I .  Hardwood--Cedar Community 

V I I I .  Hardwood--Natural Pine Community 

Lob lo l  l y  pine--hardwood 

V i r g i n i a  pine--southern r e d  oak 

I X .  Cedar Comrnuni t y  



TABLE 2.7-45 

OVERSTORY AND UNDERSTORY ASSOCIATIONS ON THE PROPOSED 

CLINCH R I V E R  TRANSMISSION ROUTE 

OVERSTORY 

Hardwood Natural Pine Pine P lan ta t ion  Cedar Open 

Sugar maple L o b l o l l y  p ine L o b l o l l y  p ine Eastern red cedar 
Red maple 
S i l v e r  maple White p ine 
Red oak V i r g i n i a  p ine 
Yellow oak 
White oak 
Post oak 
Black jack oak 
Sweet gum 
Black gum 
Sourwood 
White ash 
American elm 
Sl ippery elm 
Mockernut h i cko ry  
Black walnut 
Tu l ip  poplar  
Black cherry  
Sycamore 

Red maple 
Sugar maple 
Eastern redcedar 
Black walnut 
Sassafras 
White ash 
American elm 
Red oak 
B i  t t e r n u t  h i cko ry  
Sweet gum 
Post oak 
S l ippery  elm 
Redbud 

Dogwood 
Black cherry  
Red maple 
T u l i p  poplar  
American elm 
L o b l o l l y  p ine 
Sweet gum 
Redbud 
Paw paw 
Sourwood 
Eastern hemlock 
Black jack oak 
White ash 
Winged American elm 

UNDERSTORY 

Eastern redcedar 
L o b l o l l y  p ine 
Black cherry  
Winged sumac 
Sassafrass 
Smooth sumac 
Black gum 
Elm 
Dogwood 
Chestnut oak 
Red maple 
White ash 
T u l i p  poplar  
Box e lde r  
Post oak 
Redbud 
Black jack oak 

White p ine 
Black cherry  
Winged dogwood 
Black gum 
White ash 

American basswood 
Black cherry  
Eastern redcedar 
Flowering dogwood 
Gray dogwood 
Redbud 



TABLE 2.7-46 

OVERSTORY AND UNDERSTORY ASSOCIATIONS ON THE ALTERNATE 

CLINCH RIVER TRANSMISSION ROUTE 

OVERSTORY 

Hardwood Na tu ra l  P ine P ine P l a n t a t i o n  Cedar Open 

Nor thern  Red oak Lob lo l  l y  p i n e  L o b l o l l y  p i ne  Eastern  redcedar 
White Oak V i r g i n i a  p i n e  
S c a r l e t  oak S h o r t l e a f  p i n e  
B lack oak White p i n e  
Yel low oak 
Chestnut oak 
Mockernut h i c k o r y  
B lack  walnut  
Sycamore 
B lack gum 
Sweet gum 
Red maple 
S i l v e r  maple 
White ash 
T u l i p  pop la r  
Redbud 
Sassafrass 

Eastern redcedar 
Red maple 
Ironwood 
Sassafrass 
White ash 
Tul i p pop1 a r  
Paw paw 
Black gum 
Black c h e r r y  
Sl i ppery elm 
Deerberr 
~ o c k e r n u r  h i c k o r y  
Smooth sumac 
B1 ueberry  
American basswood 
Hackberry 
White oak 
Post oak 
Nor thern  r e d  oak 

F lower ing dogwood 
Sourwood 
Sweet gum 
Red bud 
White ash 
B lack j a c k  oak 
Post  oak 
Yel low oak 
White oak 
V i r g i n i a  p i n e  
L o b l o l l y  p i n e  
S h o r t l e a f  p i n e  
Eastern  redcedar 
Sycamore 
S l i p p e r y  elm 
Sassafrass 
Persimnons 
Winged e lm 
Winged sumac 
Red maple 
Spicebush 
Maple l e a f  viburnum 

UNDERSTORY 

Caro l i na  buckthorn  
Eastern redcedar 
Winged sumac 
Rose 
F lower ing dogwood 
Redbud 
Sassafrass 
B lack  j ack  oak 
B lack che r r y  
Smooth Sumac 
Yel low oak 
Mockernut h i c k o r y  
Red maple 
Winged elm 

V i r g i n i a  p i ne  
S h o r t l e a f  p i n e  
T u l i p  p o p l a r  
Sycamore 
E l  ack c h e r r y  
Redbud 
F lower ing dogwood 
Sourwood 
Red maple 

American basswood 
Rose 
B lack c h e r r y  
Ca ro l i na  buckthorn  
White ash 
S l i p p e r y  e lm 
F lower ing dogwood 
Redbud 



TABLE 2 .7-47  

Species  

MAMMALS OBSERVED OR TRAPPED ON THE CLINCH RIVER S I T E  

DURING LATE WINTER AND SPRING SURVEYS ( 1 9 7 4 )  

Raccoon 

Gray Squi r re l  

Cot ton ta i l  

Woodchuck 

Chipmunk 

White- tai l  Deer 

Gray Fox 

Oppossum 
W-footed Mouse 

Golden Mouse 

Short-  t a i  1 Shrew 

Study Areas* 
** ** * * 

A+ B** C+ D** E+ F** G+ H I +  J+ K T x 

*See Figure 2.7-2 f o r  loca t ion  of study a reas  

**Live t r a p  g r i d  (small mammals) 

+Snap t r a p  t r a n s e c t  (small mammals) 



TABLE 2.7-48 

MAMMALS OF THE CLINCH R I V E R  SITE 
(14,15,16) 

* Opossum 

** Smoky shrew 

* Southeastern shrew 

* Leas t  shrew 

*+ S h o r t - t a i l e d  shrew 

* Eastern mole 

* L i t t l e  brown b a t  

** M i s s i s s i p p i  b a t  

** Gray b a t  

** Keen's ba t  

** Ind iana  b a t  

** S i l v e r - h a i r e d  ba t  

** Eastern p i p i s t r e l  

** B i g  brown b a t  

* Red b a t  

** Hoary b a t  

** Evening b a t  

** Eastern b ig-eared b a t  

*+ Raccoon 

** Long t a i l  weasel 

* Mink 

** Spot ted skunk 

* S t r i p e d  skunk 

* Red f o x  

* Gray f o x  

* Bobcat 

*+ Woodchuck 

*+ Eastern chipmunk 

*+ Eastern gray s q u i r r e l  

D ide l  ph i s  marsupial  i s  

Sorex fumeus 

Sorex 1  ongi  r o s t r i  s  

C r y p t o t i  s  parva  

B l a r i n a  brevicauda 

Scal opus aquat i cus 

Myot i s  l u c i f u g u s  

Myot i s  a u s t r o r i p a r i u s  

Myot i s  g r i sescens  

Myot i s  keeni 

Myo t i s  s o d a l i s  

L a s i o n y c t e r i  s  noct ivagans 

P i  p i  s t r e l l  us s u b f l  avus 

Eptes icus fuscus 

Las iu rus  b o r e a l i s  

Las iu rus  c i n e r e u . ~  

Nyc t i ce ius  humera l is  

P l  ecotus r a f i n e s q u e i  

Procyon l o t o r  

Mustel a  f r e n a t a  

Mustela v ison  

Spi 1  ogal  e  p u t o r i  us 

Meph i t i s  meph i t i s  

Vul pes f u l v a  

Urocyon c inereoargenteus 

Lynx r u f u s  

Marmota monax 

Tamias s t r i a t u s  

Sc iurus c a r o l i n e n s i s  

(Cont i  nued) 



TABLE 2.7-48 (Cont inued) 

* Eastern f o x  s q u i r r e l  

** Southern f l y i n g  s q u i r r e l  

* Eastern harves t  mouse 

*+ Whi te- footed mouse 

*+ Golden mouse 

** Eastern woodrat 

* R ice  r a t  

* H i s p i d  c o t t o n  r a t  

* Pine vo le  

* Muskrat 

* Norway r a t  

* House mouse 

*+ Eastern c o t t o n t a i l  

*+ W h i t e - t a i l e d  deer 

Sc i  urus n i  ger  

G l  aucomys v o l  ans 

Rei throdontomys humul i s  

Peromyscus leucopus 

Peromyscus n u t t a l l  i 

Neotoma f l  o r i  dana 

Oryzomys pa l  u s t r i  s  

Sigmodon h i sp idus  

Pitymys p ine to rum 

Ondatra z i b e t h i c a  

Rat tus norvegicus 

Mus musculus - 
Syl v i l a g u s  f l o r i d a n u s  

Odocoileus v i r g i n i a n u s  

* I d e n t i f i e d  d u r i n g  var ious  s tud ies  i n  t he  Oak Ridge area (14,151 

**Species which may occur  on S i t e  b u t  have n o t  been recorded in t h e  
genera l  area 

+ I d e n t i f i e d  on S i t e  du r i ng  s p r i n g  surveys 



TABLE 2.7-49 

ALL AVIFAUNA SPECIES OBSERVED ON THE CLINCH R I V E R  SITE 

Common Name 

Canada goose 

Wood duck 

Turkey v u l t u r e  

Black vu l  t u r e  

Red-tai  1 ed hawk 

Red-shoul dered hawk 

Broad-winged hawk 

Sharp-shinned hawk 

Coopers hawk 

American osprey 

Sparrow hawk 

Ruf fed  grouse 

Bobwhite quai  1 

Great  b l  ue heron 

Green heron 

Ameri can coo t  

American woodcock 

Common sn ipe  

Spot ted sandpiper 

Mourning dove 

B l a c k - b i l l e d  cuckoo 

Y e l l o w - b i l l e d  cuckoo 

Chuck-wi 11 ' s-widow 

Whi p-poor-wi 11 

Common n i  ghthawk 

Screech owl 

Great  horned owl 

Barred owl 

S c i e n t i f i c  Name 

Branta canadensis 

A i x  sponsa - 
Cathar tes aura 

Coragyps a t r a t u s  

Buteo jamaicens is  

Buteo l i n e a t u s  

Buteo p l a t y p t e r u s  

A c c i p i  t e r  s t r i a t u s  

Acc i  p i  t e r  cooper i  i 

Pandion ha1 i a e t u s  

Fa1 co spa rve r i  us 

Bonasa umbel 1 us 

Col i nus v i  r g i  n i  anus 

Ardea herod i  as 

B u t o r i  des v i  rescens 

Ful  i ca ameri cana 

Ph i l ohe la  minor  

Capel la  g a l l i n a g o  

A c t i  t i s  macu la r ia  

Zenai dura macroura 

Coccyzus ery throptha lmus 

Coccyzus ameri canus 

Caprimulgus c a r o l i n e n s i s  

Caprimul gus voc i  f e rus  

Chordei 1 es m i  no r  

Otus a s i o  -- 
Bubo v i  r g i  n i  anus 

S t r i x  v a r i a  -- 
(Continued) 



TABLE 2.7-49 (Cont inued) 

Common Name 

Chimney s w i f t  

Ruby-throated hummingbird 

Be1 t e d  k i n g f i s h e r  

Common f 1 i cker  

P i l e a t e d  woodpecker 

Red-be l l i ed  woodpecker 

Downy woodpecker 

H a i r y  woodpecker 

Y e l l o w - b e l l i e d  sapsucker 

Eastern k i  ngbi  r d  

Great  c res ted  f l y c a t c h e r  

Eastern phoebe 

Acadi an f l y c a t c h e r  

Eastern wood pewee 

Rough-winged swallow 

Purp le  m a r t i n  

B lue j a y  

Crow 

Carol  i na c h i  ckadee 

T u f t e d  t i tmouse  

White-breasted nu tha tch  

Red-breasted nuthatch 

Brown creeper  

Win te r  wren 

Caro l  i na wren 

Mock ingb i rd  

Gray c a t b i r d  

Brown th rashe r  

Robin 

S c i e n t i f i c  Name 

Chaetura pe lag i ca  

Arch i lochus  c o l u b r i s  

Megacer.yl e a1 cyon 

Colaptes auratus 

Dryocopus p i l e a t u s  

Centurus c a r o l i n u s  

Dendrocopos pubescens 

Dendrocopos v i  11 osus 

Sphyrapi cus v a r i  us 

Tyrannus tyrannus 

Myiarchus c r i n i  t us  

Sayorni  s phoebe 

Empi donax v i  rescens 

Contopus v i  rens 

S t e l  g i dop te ryx  r u f i  c o l l  i s  

Progne sub is  

Cyanoci t t a  c r i s t a t a  

Corvus brachyrhynchos 

Parus ca ro l  i nensis  

Parus b i  c o l  o r  

S i  t t a  c a r o l  i nensis  

S i t t a  canadensis 

Ce r th i a  fami 1 i a r i s  

Trog lodytes t r o g l o d y t e s  

Thryothorus 1 udovi  c i  anus 

Mimus p o l y g l o t t o s  

Dumetel la c a r o l i n e n s i s  

Toxostoma rufum 

Turdus mi g r a t o r i  us 

(Cont inued) 



TABLE 2.7-49 (Conti nued) 

Common Name 

Wood thrush 
Hermit thrush 
Swainson's thrush 
Eastern bl uebi rd 
Blue-gray gnatcatcher 

Go1 den-crowned k i n g 1  e t  
Ruby-crowned kinglet 
Cedar waxwing 
Loggerhead s t r ike  
Star1 i ng  

Whi te-eyed vi reo 

Yellow-throated vireo 
Red-eyed vi reo 
Black and white warbler 
Prothonotary warbler 
Worm-eating warbler 
Tennessee warbler 
Go1 den winged warbler 
Northern Parula warbler 
Magnolia warbler 
Black-throated green warbler 
Blackburnian warbler 
Bay-breasted warbler 
Ye1 1 ow warbler 
Bl ackpol 1 warbler 
Pine warbler 
Prairie warbler 
Yellow-rumped warbler 
Cerulean warbler 

Scient i f ic  Name 

Hylocichla mustelina 
Hylocichla gut tata  
Hylocichl a ustulata 
Sial ia  s i a l i s  
Polioptila caerulea 
Regul us satrapa 
Regul us calendula 
Bombyci 11 a cedrorum 
Lani us 1 udovi ci anus 
Sturnus v u l  gari s 
V i  reo gr i  seus 
Vireo flavifrons 
Vireo 01 i vaceus 
Mniotil t a  varia 
Protonotaria ci trea 
Helmi theros vermi vorus 
Vermi vora peregri na 
Vermi vora chrysoptera 
Parul a ameri cana 
Dendroica magnolia 
Dendroi ca v i  rens 
Dendroi ca fusca 

Dendroica castanea 
Dendroica petechia 
Dendroi ca s t r i  ata 
Dendroica pinus 
Dendroica discolor 
Dendroica coronata 
Dendroi ca cerul ea 

(Continued) 



TABLE 2.7-49 (Cont i  nued) 

Common Name 

Ye l low- th roa ted  warb le r  

Ovenbi r d  

Lou is iana  wate r th rush  

Kentucky wa rb le r  

Ye1 l o w t h r o a t  

Yel low-breasted cha t  

Hooded wa rb le r  

Eastern meadow1 a rk  

Red-wi nged b l a c k b i r d  

Rusty b l a c k b i r d  

Brown-headed cowbi r d  

Common g rack le  

Orchard o r i  01 e 

Summer tanager  

Scar1 e t  tanager  

Card ina l  

Purp le  f i n c h  

Rose-breasted grosbeak 

B l  ue grosbeak 

I n d i g o  bun t i ng  

Pine s i s k i n  

American go1 d f i n c h  

Red c r o s s b i l l  

Rufous-si  ded towhee 

Chipp ing sparrow 

F i e l d  sparrow 

Savannah sparrow 

Swamp sparrow 

Song sparrow 

S c i e n t i f i c  Name 

Dendroica dominica 

Sei urus aurocapi 11 us 

Seiurus m o t a c i l l a  

Opororni  s  formosus 

Geoth lyp is  t r i c h a s  

I c t e r i a  v i  rens 

W i  l s o n i a  c i t r i n a  

S t u r n e l l a  magna 

Age1 a i  us phoeni ceus 

Euphaqus c a r o l i n u s  

Molothrus a t e r  

Qu isca lus  qu i scu la  

I c t e r u s  spu r i us  

P i  ranga rub ra  

P i  ranga 01 i vacea 

Richmondena c a r d i n a l i s  

Carpodacus purpureus 

Pheuct icus l udov i c i anus  

Gui raca  caeru l  ea 

Passer i  na cyanea 

Spinus p inus 

Spinus t r i s t i s  

Lox i  a  c u r v i  ros  t r a  

P i  p i  l o  erythrophthalmus 

Spi z e l  l a  passer ina 

S p i z e l l a  p u s i l l a  

Passercul  us sandwi chensis 

Me1 osp i  za georg i  ana 

Melospiza melod ia 

(Cont i  nued) 



Common Name 

Dark-eyed junco 

Fox sparrow 

Whi te- throated sparrow 

White-crowned sparrow 

TABLE 2.7-49 (Cont inued) 

S c i e n t i f i c  Name 

Junco hyemal is 

Passerel  l a  il iaca  

Z o n o t r i c h i a  a l b i c o l l i s  

Z o n o t r i c h i a  leucophrys 



TABLE 2.7-50 

AVIFAUNA OF THE OAK RIDGE RESERVATION (18)  

Common Name 

P i e d - b i l l e d  grebe 

Canada goose 

Ma1 1 a r d  

Black duck 

P i n t a i l  

Gadwa 1 1 

American widgeon 

Blue-winged t e a l  

Green-wi nged t e a l  

Wood duck 

Red head 

Canvasback 

Ring-necked duck 

Lesser scaup 

Common goldeneye 

B u f f 1  ehead 

Ruddy duck 

Common merganser 

Red-breasted merganser 

Hooded merganser 

Turkey v u l t u r e  

Bl  ack v u l  t u r e  

Cooper's hawk 

Sharp-shinned hawk 

Marsh hawk 

Red - ta i l ed  hawk 

S c i e n t i f i c  Name 

Podi lymbus podiceps 

Branta canadensis 

Anas p la tyrhynchos 

Anas r u b r i p e s  

Anas acuta -- 
Anas s t repe ra  

Mareca americana 

Anas d i s c o r s  

Anas c a r o l i n e n s i s  

A i x  sponsa - 
Aythya americana 

Aythya v a l i s i n e r i a  

Aythya c o l l a r i s  

Aythya a f f i n i s  

Bucephala c l angu la  

Bucephal a a1 be01 a 

Oxyura jamaicens is  

Mergus merganser 

Mergus s e r r a t o r  

Lophodytes c u c u l l a t u s  

Cathar tes aura 

Coragyps a t r a t u s  

A c c i p i t e r  c o o p e r i i  

A c c i p i t e r  s t r i a t u s  

C i r cus  cyaneus 

Buteo jamaicens is  

(Cont inued) 



TABLE 2.7-50 (Continued) 

Common Name 

Red-shouldered hawk 

Broad-winged hawk 

Southern bald eagle 

Osprey 

Sparrow hawk 

Turkey . 
Ruffed grouse 

Bobwh i te quai 1 

Common egret 

Cattle egret 

Great blue heron 

Green heron 

White ibis 

Common gallinule 

American coot 

Ki 1 1 deer 

American woodcock 

Common snipe 

Spotted sandpi per 

Herring gull 

Ring-'bi 1 led gull 

Black tern 

Rock dove 

Mourning dove 

Yellow-billed cuckoo 
Screech owl 

Great horned owl 

Chuck-will's-widow 

Whi p-poor-wi 11 

Scientific Name 

Buteo 1 ineatus 

Buteo platypterus 

Haliaeetus leucocephalus leucocephalus 

Pandion ha1 iaetus 

Falco sparverius 

Meleagris gallopavo 

Bonasa umbel 1 us 

Colinus virginianus 

Casmerodius alba 

Bubucus ibis 

Ardea herodias 

Butorides virescens 

Eudocimus albus 

Gallinula chloropus 

Fulica americana 

Charadrius vociferus 

Philohela minor 

Capella gallinago 

Actitis macularia 

Larus arqentatus 

Larus delawarensis 

Chlidonias niger 

Columbia livia 

Zenaidura macroura 

Coccyzus americanus 

Otus asio -- 
Bubo virginianus 

Caprimulqus carolinensis 

Caprimulgus vociferus 

(Continued) 



TABLE 2.7-50 (Cont inued) 

Common Name 

Common nighthawk 

Ruby-throated hummingbird 

Be1 t e d  k i n g f  i sher 

Common f l  i c  ke r  

P i l e a t e d  woodpecker 

Red-be l l i ed  woodpecker 

H a i r y  woodpecker 

Downy woodpecker 

Red-headed woodpecker 

Y e l l o w - b e l l i e d  sapsucker 

Eastern k i n g b i  r d  

Great c res ted  f l y c a t c h e r  

Eastern phoebe 

Acadian f l y c a t c h e r  

Leas t  f l y c a t c h e r  

Eastern wood pewee 

Horned l a r k  

Bank swallow 

Rough-winged swallow 

Barn swallow 

Purp le  m a r t i n  

Blue j a y  

Crow 

Ca ro l i na  chickadee 

Tu f t ed  ti tmouse 

White-breasted nu tha tch  

House wren 

Bewi c k '  s wren 

S c i e n t i f i c  Name 

Chordei les minor  

Arch i lochus  c o l u b r i s  

Megaceryle a lcyon  

Colaptes aura tus  

Dryocpus p i l e a t u s  

Cen t u r u s  c a r o l  i nus 

Dendrocopos v i  1 1 osus 

Dendrocopos pubescens 

Me1 anerpes e ry th rocepha l  us 

Sphyrapicus v a r i u s  

Tyrannus tyrannus 

Myiarchus c r i n i t u s  

Sayornis phoebe 

Empidonax v i rescens  

Empidonax minimus 

Contopus v i r e n s  

Eremophila a l p e s t r i s  

R i p a r i a  r i p a r i a  

S te l g i dep te ryx  r u f i c o l l i s  

Hi rundo r u s t i c a  

Progne sub is  

Cyanoci t t a  c r i  s t a t a  

Corvus brachyrhynchos 

Parus c a r o l i n e n s i s  

Parus b i c o l o r  

S i  t t a  c a r o l  i n e n s i  s 

Trog lodytes aedon 

Thryomanes b e w i c k i i  

(Cont inued) 



TABLE 2.7-50 (Continued) 

Common Name Scientific Name 

Carolina wren 

Mockingbird 

Gray catbird 

Brown thrasher 

Robin 

Wood thrush 

Eastern bl uebird 

Blue-grapy gnatcatcher 

Golden-crowned kinglet 

Rudy-crowned king1 et 

Cedar waxwing 

Loggerhead shrike 

Star1 ing 

White-eyed vireo 

Yellow-throated vireo 

Red-eyed vi reo 
Bl ack-and-whi te warbler 

Prothonotary warbler 

Worm-eati ng warbler 

Northern parul a warbler 

Ye1 1 ow warbler 

Cerulean warbler 

Yellow-throated warbler 

Pine warbl er 

Prairie warbler 

Ovenbird 

Louisiana waterthrush 

Kentucky warbler 

Thryothorus ludovicianus 

Mimus polyglottos 

Dumetella carolinensis 

Toxostoma rufum 

Turdus migratorius 

Hylocichla mustelina 

Sialia sialis 

Polioptila caerulea 

Regulus satrapa 

Regul us calendula 

Bombycilla cedrorum 

Lanius ludovicianus 

Sturnus vulgaris 

Vireo gri seus 

Vireo flavifrons 

Vireo 01 i vaceus 

Mniotil ta varia 

Protonotaria citrea 

Helmitheros vermivorus 

Parula americana 

Dendroi ca petechi a 

Dendroica cerul ea 

Dendroica cominica 

Dendroica pinus 

Dendroica discolor 

Seiurus aurocapillus 

Sei urus motaci 11 a 

Oporornis formosus 

(Continued) 



TABLE 2.7-50 (Continued) 

Common Name 

Yellowthroat 

Yellow-breasted chat 

Hooded warbler 

American redstart 

English sparrow 
Eastern meadow1 ark 

Red-wi nged blackbird 

Brown-headed cowbird 

Common grackl e 

Orchard oriole 

Summer tanager 

Scar1 et tanager 

Cardinal 

Rose-breasted grosbeak 

Bl ue grosbeak 

Indigo bunting 

Purple finch 

Pine siskin 

American goldfinch 

Red crossbill 

Rufous-sided towhee 

Grasshopper sparrow 

Henslow's sparrow 

Bachman's sparrow 

Chipping sparrow 

Field sparrow 

White-throated sparrow 

Song sparrow 
Dark-eyed junco 

Scientific Name 

Geothlypi s trichas 

Icteria virens 

Wilsonia citrina 

Setophaga ruticilla 

Passer domesticus 

Sturnel la magna 

Agelaius phoeniceus 

Mol othrus ater 

Quiscalus quiscula 

Icterus spurius 

Pi ranga rubra 

Piranga olivacea 

Richmondena cardinal is 

Pheucticus lodovicianus 

Gui raca caerul ea 

Passerina cyanea 

Carpodacus purpureus 
Spinus pinus 

Spinus tristis 

Loxia curvirostra 

Pi pi 1 o erythrophthalmus 

Ammodramus savannarum 

Passerherbul us hens1 owi i 

Aimophila aestivalis 

Spizella passerina 

Spizella pusilla 

Zonotrichia albicollis 

Melospiza melodia 
Junco hyemalis 



TABLE 2.7-51 

AVIFAUNA SPECIES OBSERVED I N  HARDWOOD COMMUNITIES ON THE CLINCH R I V E R  SITE 

Common Name 

Turkey vu l  t u r e  

Black vu l  t u r e  

Red - ta i l ed  hawk 

Red-s houl  dered hawk 

Broad-winged hawk 

Coopers hawk 

Ruf fed  grouse . 

Chuck -w i l l ' s  widow 

Whi p-poor-wi 11 

Screech owl 

Great horned owl 

Barred owl 

Common nighthawk 

P i  1 eated woodpecker 

Red-be l l i ed  woodpecker 

Downy woodpecker 

Hai r y  woodpecker 

Y e l l o w - b e l l i e d  sapsucker 

Great  c res ted  f l y c a t c h e r  

Eastern phoebe 

Acadian f l y c a t c h e r  

Eastern wood pewee 

Blue j a y  

Crow 

Ca ro l i na  chickadee 

T u f t e d  t i tmouse 

White-breasted nu tha tch  

Red-breasted nu tha tch  

S c i e n t i f i c  Name 

Cathar tes aura 

Coragyps a t r a t u s  

Buteo jamaicens is  

Buteo l i n e a t u s  

Buteo p l a t y p t e r u s  

Acci  p i  t e r  cooper i  i 

Bonasa umbel 1 us 

Caprimulgus c a r o l  i n e n s i s  

Caprimul gus v o c i f e r u s  

Otus a s i o  -- 
Bubo v i  r g i  n i  anus - 
S t r i x  v a r i a  -- 
Chordei les minor  

Drycopus p i  l e a t u s  

Centurus c a r o l  i nus 

Dendrocopos pubescens 

Dendrocopos v i  1 1 osus 

Sphyrapi cus v a r i  us 

Myi archus c r i  n i  t us  

Sayorni s phoebe 

Empidonax v i rescens 

Con topus v i  rens 

Cyanoci t t a  c r i s t a t a  

Corvus brachyrhynchos 

Parus c a r o l i n e n s i s  

Parus b i c o l o r  

S i t t a  c a r o l i n e n s i s  

S i t t a  canadensis 

(Cont inued) 



TABLE 2.7-51 (Continued) 

Common Name 

Brown creeper 

Winter wren 
Carol i na wren 

Brown thrasher 
Wood thrush 

Hermit thrush 

Swainson's thrush 

Blue-gray gnatcatcher 

Go1 den-crowned kinglet  

Ruby-crowned kinglet  

Ye1 low-throated vireo 

Red-eyed vireo 

Black-and-white warbler 
Worm-eati ng warbler 

Tennessee warbler 

Northern parula warbler 

Magnol i a warbler 

Black-throated green warbler 

Bl ackburnian warbler 
Bay-breas ted warbler 

Bl ackpol 1 warbler 

Ye1 low-rumped warbler 
Cerul ean warbler 

Yellow-throated warbler 

Ovenbi r d  

Kentucky warbler 
Hooded warbler 

Summer tanager 
Scar le t  tanager 

Sc i en t i f i c  Name 

Certhia fami 1 i a r i s  

Troql odytes trogl  od.ytes 

Thryothorus 1 udovi c i  anus 

Toxostoma rufum 

Hyloci chla mustel ina 

Hylocichla gu t t a t a  

Hyloci chla us tola ta  

Pol iopt i la  caerulea 

Regul us satrapa 

Regul us calendul a 

Vireo f l av i f rons  
Vireo 01 i vaceus 

Mni o t i  1 t a  vari a 
Helmi theros vermi vorus 

Vermi vora peregri na 
Parul a ameri cana 

Dendroica magnolia 
Dendroi ca v i  rens 

Dendroica fusca 

Dendroi ca cas tanea 

Dendroi ca s t r i a t a  

Dendroica coronata 

Dendroica cerul ea 

Dendroica dominica 

Sei urus aurocapi 11 us 

Opororni s formosus 
Wi 1 soni a c i  t r i n a  

P i  ranga rubra 

Pi ranga 01 i vacea 

(Continued) 



Common Name 

Purp le  f i n c h  

Rose-breas t e d  grosbeak 

Pine s i s k i n  

Red c r o s s b i l l  

Rufous-sided towhee 

Dark-eyed junco 

Whi te- throated sparrow 

TABLE 2.7-51 (Cont inued) 

S c i e n t i f i c  Name 

Carpodacus purpureus 

Pheuct icus ludov ic ianus  

Spinus p inus 

Lox ia  c u r v i  r o s t r a  

P i p i l o  ery throphthalmus 

Junco hyemal i s  

Zono t r i  ch i a  a1 b i  c o l  1 i s  



TABLE 2.7-52 

AVIFAUNA SPECIES OBSERVED ALONG BORDERS OF FIELDS, TRANSMISSION LINES 

AND FOREST COMMUNITIES ON THE CLINCH R I V E R  SITE 

Common Name 

Turkey v u l t u r e  

Black v u l t u r e  

Red - ta i l ed  hawk 

Red-shoul dered hawk 

Broad-wi nged hawk 

Sharp-shi nned hawk 

Coopers hawk 

Sparrow hawk 

Ruf fed  grouse 

Bobwhite quai  1 

Ameri can woodcock 

Mourni ng dove 

B l a c k - b i l l e d  cuckoo 

Y e l l o w - b i l l e d  cuckoo 

Screech owl 

Barred owl 

Common nighthawk 

Chimney s w i f t  

Common f l i c k e r  

Pu rp le  m a r t i n  

B lue  j a y  

Crow 

Ca ro l i na  chickadee 

T u f t e d  t i tmouse 

Winter  wren 

Carol  i na wren 

Mockingbi rd  

S c i e n t i f i c  Name 

Cathar tes aura 

Coragyps a t r a t u s  

Buteo jamaicens is  

Buteo 1 i nea tus  

Buteo p l a t y p t e r u s  

Acc ip i  t e r  s t r i a t u s  

Acci  p i  t e r  cooper i  i 

Fa1 co spa rve r i  us 

Bonasa umbel 1 us 

Col i nus v i  r g i  n i  anus 

Phi l o h e l a  minor  

Zenaidura macroura 

Coccyzus ery throptha lmus 

Coccyzus americanus 

Otus a s i o  -- 
S t r i x  v a r i a  -- 
Chordei les minor  

Chaetura p e l  ag i  ca 

Colaptes auratus 

Progne sub is  

Cyanoci t t a  c r i  s t a t a  

Corvus brachyrhynchos 

Parus c a r o l  i n e n s i s  

Parus b i  c o l  o r  

Trog lodytes t r o g l o d y t e s  

Thryothorus l udov i c i anus  

Mimus p o l y g l o t t o s  

(Cont inued) 



TABLE 2.7-52 (Cont inued) 

Common Name 

Gray c a t b i r d  

Robin 

Eastern b l  uebi  r d  

B l  ue-gray gnatcatcher  

Golden-crowned k i n g l e t  

Ruby-crowned k i n g l e t  

Cedar waxwing 

Loggerhead s h r i k e  

Golden-winged warb le r  

Magnolia wa rb le r  

B lackburn ian wa rb le r  

Ye1 low wa rb le r  

Yellow-rumped warb le r  

P ine wa rb le r  

P r a i r i e  warb le r  

Orchard o r i o l e  

Summer tanager 

Scar1 e t  tanager  

Card ina l  

Rose-breasted grosbeak 

Blue grosbeak 

I n d i g o  bun t i ng  

P ine  s i s k i n  

Ameri can go1 d f  i nch 

Rufous-sided towhee 

F i e l d  sparrow 

Savannah sparrow 

Song sparrow 

Dark-eyed junco 

S c i e n t i f i c  Name 

Dumetella c a r o l i n e n s i s  

Turdus m i  g r a t o r i  us 

S i a l i a  s i a l i s  

P o l i o p t i l a  caeru lea 

Regul us sat rapa 

Regulus ca lendula 

Bombyci l la  cedrorum 

Lan i  us 1 u d o v i c i  anus 

Vermi vora chrysoptera 

Dendroi ca magnol i a  

Dendroica fusca 

Dendroi ca pe tech i  a  

Dendroi ca coronata 

Dendroi ca p i  nus 

Dendroica d i s c o l o r  

I c t e r u s  spur ius  

P i  ranga rub ra  

P i  ranga 01 i vacea 

R i  chmondena c a r d i n a l  i s  

Pheuct icus l udov i c i anus  

Gui raca caeru l  ea 

Passer i  na cyanea 

Spinus p inus  

Spinus t r i s t i s  

P i p i l o  er throphtha lmus 

S p i z e l l a  p u s i l l a  

Passercul  us sandwi chensi s  

Melospiza melod ia 

Junco hyemal i s  

(Cont inued) 



Common Name - - - - - - --- 

Fox sparrow 

White-throated sparrow 

White-crowned sparrow 

TABLE 2.7-52 (Continued) 

Scientific Name 

Passerella iliaca 

Zonotrichia a1 bicoll is 

Zonotrichia leucophrys 



TABLE 2.7-53 

AVIFAUNA SPECIES OBSERVED IN NATURAL PINE COMMUNITIES G AND H* 

AND IN OPEN HABITATS ON THE CLINCH RIVER SITE 

Common Name 

Turkey vul ture 

Bl ack vul ture 
Red-shouldered hawk 

Broad-winged hawk 

Sharp-shinned hawk 

Sparrow hawk 

Bobwhite quai 1 

American woodcock 

Mourning dove 

Black-billed cuckoo 

Ruby-throated hummingbird 

Common flicker 

Eastern kingbird 

Purple martin 

Crow 

Carolina wren 

Gray catbird 

Brown thrasher 

Robin 

Eastern bluebird 

Cedar waxwing 

Loggerhead strike 

Star1 ing 

White-eyed vireo 

Ye1 1 ow warbler 

Scientific Name 

Cathartes aura 

Coragyps atratus 

Buteo lineatus 

Bu teo pl atypterus 

Accipi ter striatus 

Falco sparverius 

Colinus virginianus 

Phi lohela minor 

Zenaidura macroura 

Coccyzus erythropthalmus 

Archilochus colubris 

Colaptes auratus 

Tyrannus tyrannus 

Progne subis 

Corvus brachyrhynchos 

Thryothorus ludovicianus 

Dumetella carolinensis 

Toxostoma rufum 

Turdus migratorius 

Sialia sialis 

Bombycilla cedrorum 

Lanius ludovicianus 

Sturnus vulgaris 

Vireo griseus 

Dendroica petechia 

(Continued) 



TABLE 2.7-53 (Continued) 

Common Name 

Yellow-rumped warbler 

Yellowthroat 

Yellow-breasted chat 

Eastern meadow1 ark 

Red-winged blackbird 

Brown-headed cowbird 

Common grackle 

Indigo bunting 

American goldfinch 

Rufous-sided towhee 

Chi ppi ng sparrow 

Field sparrow 

Savannah sparrow 

Song sparrow 

White-crowned sparrow 

Scientific Name 

Dendroica coronata 

Geothlypis trichas 

Icteria virens 

Sturnella magna 

Agelaius phoeni ceus 

Molothrus ater 

Quiscalus qui scula 

Passerina cyanea 

Spinus tristis 

Pi pi lo erythrophthalmus 

Spizella passerina 

Spizella pusilla 

Passerculus sandwichensis 

Melospiza melodia 

Zonotrichia leucophrys 

*See Figure 2.7-2 



-- TABLE 2.7-54 

AVIFAUNA SPECIES OBSERVED NEAR AQUATIC COMMUNITIES ON THE CLINCH RIVER SITE 

Common Name 

Turkey vu l  t u r e  

Black v u l t u r e  

Canada goose 

Wood duck 

Broadwi nged hawk 

Osprey 

Great b l u e  heron 

Green heron 

American c o o t  

Common sn ipe  

Spot ted sandpi per  

Be1 t e d  k i n g f i s h e r  

Eastern k i n g b i  r d  

Rough-winged swallow 

Ca ro l i na  wren 

Gray c a t b i r d  

Whi te-eyed v i r e o  

Prothonotary  wa rb le r  

Ye1 1 ow warb le r  

Ye1 1 ow-rumped warb le r  

Louis ianna wate r th rush  

Ye1 1 owthroa t  

Ye1 1 ow-breasted c h a t  

Red-wi nged b l a c k b i r d  

Rusty b l a c k b i r d  

Common grac k l  e  

Card ina l  

I n d i g o  bun t i ng  

Rufous-sided towhee 

Swamp sparrow 

S c i e n t i f i c  Name 

Cathar tes aura 

Coragyps a t r a t u s  

Branta canadensi s  

A i x  sponsa - 
Buteo p l a t y p t e r u s  

Pandion h a l i a e t u s  

Ardea herod i  as 

Bu to r i des  v i  rescens - 
Ful i ca ameri cana 

Cape1 1 a ga l  1  i nag0 

A c t i t i s  rnacular ia 

l legaceryl  e  a1 cyon 

Tyrannus tyrannus 

S te lg i dop te ryx  r u f i c o l l  i s  

Thryothorus l udov i c i anus  

Durnetella c a r o l i n e n s i s  -- 
V i  r e 0  g r i  seus 

P r o t o n o t a r i a  c i t r e a  

Dendroi ca pe tech i  a  

Dendroica coronata 

Ser iu rus  m o t a c i l l a  

Geoth lyp is  t r i c h a s  

I c t e r i a  v i r e n s  

Age1 a i u s  phoeniceus 

Euphagus c a r o l i n u s  

Qu i sca lus  qu i scu la  

R i  chmondena c a r d i n a l  i s 

Passer ina cyanea 

P i  p i  1  o  e r y th roph tha l  mus 

Melospi  za georqiana 



TABLE 2.7-55 

AVIFAUNA SPECIES OBSERVED IN CONIFEROUS COMMUNITIES 0 ,  C, E AND I* 
ON THE CLINCH R I V E R  SITE 

Common Name 

Turkey vu l  t u r e  

Black v u l t u r e  

Downy woodpecker 

Blue . j a y  

Carol ine chickadee 

White-breasted nuthatch 

Golden-crowned k i n g l e t  

Rudy-crowned k i n g l e t  

Northern paru l  a warbler  

Magnol i a warbler  

Pine warbler  

P r a i r i e  warbler  

Yellow-rumped warb le r  

Yellow-breasted chat  

Pine s i s k i n  

Red c r o s s b i l l  

Dark-eyed junco 

Fox sparrow 

Whi te - th roa ted sparrow 

S c i e n t i f i c  Name 

Catharces aura 

Coragyps a t r a t h s  

Dendrocopos pubescens 

Cyanoci t t a  c r i  s t a t a  

Parus ca ro l i nens i s  

S i  t t a  ca ro l  inens i s  

Regul us satrapa 

Regulus calendula 

Parul a ameri cana 

Dendroi ca magnol i a 

Dendroi ca p i  nus 

Dendroi ca d i  scol  o r  

Dendroi ca coronata 

I c t e r i  a  v i  rens 

Spinus pinus 

Loxi a c u r v i  r o s t r a  

Junco hyemalis 

Passerel 1 a i 1 i aca 

Zonot r i  ch i  a  a1 b i  co l  1  i s  

*See F igure  2.7-2 



TABLE 2.7-56 

THE MOST COMMONLY OBSERVED AVIFAUNA SPECIES OBSERVED ON 

THE CLINCH RIVER SITE 

Common Name 

Ind igo  bun t i ng  

P r a i r i e  warb le r  

Whi te-eyed v i r e o  

Red-eyed v i r e o  

Card ina l  

Caro l ina  wren 

F i e l d  sparrow 

Star1 i n g  

Common g rack le  

Red-winged b l a c k b i r d  

Blue j a y  

B l  ue-gray gnatca t c h e r  

S c i e n t i f i c  Name 

Passer ina cyanea 

Dendroica d i s c o l o r  

V i r eo  g r i  seus 

V i reo  o l i vaceus  

Richmondena c a r d i n a l i s  

Thryothorus l odov i c i anus  

S p i z e l l a  p u s i l l a  

Sturnus v u l g a r i s  

Qu i sca lus  qu i scu la  

Agela ius phoeniceus 

Cyanoci t t a  c r i  s t a t a  

P o l i o p t i l a  caeru lea 



TABLE 2.7-57 

RELATIVE ABUNDANCE OF HERPETOFAUNA SPECIES OBSERVED 

ON THE CLINCH R I V E R  SITE 

Common Name S c i e n t i f i c  Name 

Slimy salamander 

Northern s p r i n g  peeper 

B u l l f r o g  (1 )  

Green f r o g  (10 +) 

P ickere l  f r o g  (1 )  

Common snapping t u r t l e  (1 ) 

Eastern box t u r t l e  (3 )  

Northern fence l i z a r d  (12 +) 

Northern red-be1 1 i ed snake (1 ) 

Eastern worm snake (1  ) 

Black racer  (2 )  

Corn snake (1 ) 

Rat snake (1)  

Plethodon g l  u t i  nosus g l  u t inosus 

Hyla c r u c i f e r  c r u c i f e r  

Rana catesbeiana - 
Rana c l  ami tans me1 anota - 
Rana p a l  u s t r i s  - 
Chelydra serpent ina serpent ina 

Terrapene c a r o l i n a  c a r o l i n a  

Sceloporous hyaci n th inus  

S t o r e r i a  occ ip i tomaculata 
o c c i p i  tomaculata 

Carphophis amoenus amoenus 

Coluber c o n s t r i c t o r  

Elaphe g u t t a t a  g u t t a t a  

Elaphe obsol e ta  



TABLE 2.7-58 

HERPETOFAUNA SPECIES O B S E R V E D  ON THE OAK R I D G E  RESERVATION (24) 

Common Name 

Spotted salamander 

Eastern red-spotted newt 

Dusky salamander 

Sl imy salamander 

Northern red salamander 

Two-lined salamander 

Cave salamander 

Eastern spadefoot toad 

American toad 

Fowler's toad 

Northern cricket frog 
Northern spring peeper 

Eastern gray treefrog 
Chorus frog 

Eastern narrow-mouthed toad 

Bull frog 

Green frog 

Leopard frog 

Pickerel frog 

Common snapping t u r t l e  

Stinkpot 

Striped-necked musk t u r t l e  

Eastern box t u r t l e  

Scient i f ic  Name 

Ambystoma maculatum 

Di emi ctyl us vi r i  descens vi ridescens 
Desmognathus fuscus 

Plethodon gl utinosus glutinosus 
Pseudotriton -- ruber ruber 

Eurycea bislineata 

Eurycea 1 ucifuga 

Scaphiopus holbrooki holbrooki 

Bufo americanus americanus 

Bufo woodhousei fowleri 

Acris crepitans crepitans 
Hyl a crucifer cruci f e r  

Hyl a versicol or versi col or 
Pseudacris t r i  ser ia ta  

Gastrophyryne carolinensis carolinensis 

Rana catasbeiana 

Rana clamitans melanota 

Rana pi piens 

Rana pal us t r i s  

Chelydra serpentina serpentina 

Sternothaerus adoratus 

Sternothaerus minor pe l t i f e r  

Terrapene carolina carolina 
Map t u r t l e  Graptemys geographica 

Ouachita map t u r t l e  Graptemys pseudogeographi ca 
ouachi tensi s 

Painted t u r t l e  

Sl i der 

Chyrsemys picta 

Pseudemys concinna hi eroglyphi ca 

(Continued) 



TABLE 2.7-58 (Continued) 

Common Name 

Pond s l i d e r  

Eastern spiny s o f t s h e l l  t u r t l e  

Northern fence 1 i zard 

S i  x-1 ined race runner 

Ground sk ink  

F i  ve-1 ined sk ink  

Broad- headed s k i n  k 

Queen snake 

Water snake 

Brown snake 

Northern red-be1 1 i e d  snake 

Eastern g a r t e r  snake 

Eastern e a r t h  snake 

Northern r ingneck snake 

Eastern work snake 

Racer 

Rough green snake 

Corn snake 

Rat snake 

Mole snake 

Black k i  ngsnake 

Eastern m i  1 ksnake 

Sca r le t  snake 

Northern copperhead 

S c i e n t i f i c  Name 

Pseudemys s c r i  p t a  

Tr ionyx s p i n i f e r  s p i n i f e r  

Sceloporous hyacinth inus 

Cnemi dophorus sex1 i neatus 

Lygosoma l a t e r a l e  

Eumeces fasc ia tus  

Eumeces l a t i c e p s  

N a t r i x  septemvi t ta ta  septemvi t ta ta  

N a t r i x  sipedon 

S t o r e r i a  dekayi 

S t o r e r i a  o c c i p i  tomacul a t a  
o c c i p i  tomaculata 

Thamnophis s i r t a l  i s  s i r t a l  i s  

V i  r g i  n i a  va le r i ae  val  e r i a e  

Diadophis punctatus edwarsi 

Carphophis amoenus amoenus 

Col uber c o n s t r i c t o r  

Opheodrys aes ti vus 

Elaphe g u t t a t a  g u t t a t a  

Elaphe obsoleta 

Lampropel t i  s c a l l  i gaster  
rhombomacul a ta  

Lampropel ti s g e t u l  us n i g e r  

Lampropel t i s  d i o l  i a t a  t r i a n g u l  um 

Cemophora coccinea 

Ancistrodon c o n t o r t r i x  mokeson 



TABLE 2.7-59 

FOREST INVERTEBRATE FAUNA IDENTIFIED ON THE OAK RIDGE RESERVATION 

Annel ida - Segmented worms 

Ol igochaeta - Freshwater and t e r r e s t r i a l  segmented worms 

Lumbri c i  dae 

A l lo lobophora  t e r r e s t r i s  

Bimastus t enu i  s 

Dendrobaena octaedra 

Di p l  ocard i  a udei  

Lumbricus r u t e l  l u s  

Lumbri cus t e r r e s t r i  s 

Octo l  a s i  urn cyaneum 

Octolasium lacteum 

Arthropoda - Crustaceans, sp ide rs -and  i n s e c t s  

Di p l  opoda - M i  11 i pedes 

Polydesmi da 

Xysto desmidae 

Aphel o r i  a montana 

Brachor ia  i n i t i a l  i s  

Gyalostethus mont ico lens 

Polydesmidae 

D i  x i  desmus eras us 

Scytonotus granul  a tus  

Euryur idae 

Cambal i da 

Cambal i dae 

Euryurus l e a c h i  i f r a t e r n u s  

Cambal a annul a t a  

(Cont inued) 



TABLE 2.7-59 (Cont inued) 

P l  atydesmi da 

Andrognathidae 

Brachycybe l e c o n t e i  

Brachycybe petasata 

J u l  i d a  

Pa ra ju l  i dae  

P t y o i  u l  us impressus 

Chi lopoda - Centipedes 

L i  thobiomorpha 

L i  t h o b i  i dae 

Scolopendromorpha 

Cryp top i  dae 

Otocryptops n i g r i  dus 

Otocryptops sexp i  nosus 

Theatops p o s t i  cus 

Geophi 1 omorpha 

Geophi l idae 

L ino taen i  a b i  dens (Wood) 

Crustacea - Crustaceans 

Isopoda 

L i  g i  i dae 

L i g i d i u m  sp. 

Arachnida - Spiders,  scorp ions and m i t e s  

Acar ina - Mi tes  and t i c k s  

Prost igmata 

Bdel 1 i dae 

Trombi d i  i dae 

Tydei dae 

(Cont inued) 



TABLE 2.7-59 (Cont inued) 

Mesostigmata 

Paras i  ti dae 

Uropodi dae 

Uropoda sp. 

Rhodacari dae 

Cryptost igmata 

Orba t i  dae 

Ast igmata 

Tyrog l  yph i  dae 

Araneida - Spiders  

An t rod i  a e t i  dae 

An t rod iae tus  shoemakeri (Pe t runkov i  t c h )  

C ten iz idae  

Pachyl omeri des audoui n i  (Lucas) 

Agelenidae 

Agelenopsi s o k l  ahoma (Ger tsch)  

Agroeca p r a t e n s i s  Ernerton 

C i  c u r i  na arcuata Keyser l  i ng 

Coras taugynus Keyser l  i ng 

Wadotes h y b r i  dus (Emerton) 

Anyphaen i dae 

Anyphaenel l a  s a l  tabunda (Hentz) 

C1 u b i  o n i  dae 

Cas t i ane i ra  a l a t a  Muma 

Clubiona obesa Hentz 

Phrurotimpus a1 a r i  us 

Cteni  dae 

Anahi t a  animosa (A1 kekenaer) 

D i c t y n i  dae 

Lathys mascul ina Ger tsch 

(Cont inued) 



TABLE 2.7-59 (Continued) 

Gnaphosidae 

Drassy l l  us v i  r g i  nianus Chamberl i n  

Gnaphosa f o n t i n a l i s  Keyser l ing 

L i  t o p y l  1 us r u p i  colens Chamberl i n  

Rachodrassus echinus Chamberlin 

Zel otes subterraneus (Koch) 

Hahni idae 

Hahni a c i  nerea Emerton 

L i  nyphaei dae 

Lepthyphantes sabulosa (Keyserl  i n g )  

L inyph ia  maculata Emerton 

Mei oneta angul a t a  (Emerton) 

Lycosi  dae 

Lycosa avara (Keyserl  i ng) 

Lycoasa gu l  osa Wal ckenaer 

Lycosa punc tu la ta  Hentz 

Schizocosa sp. 

Sal ti c i  dae 

Habrocestum pervu l  um (Banks) 

Paraphidi  ppus margi natus (Wal ckenaer) 

Thiodina puerpera (Hentz) 

Thomisidae 

Xyst icus a u c t i f i c u s  Keyserl  i n g  

Xyst icus elenans Keyserl  i n g  

Xys t i  cus f ra te rnus  Banks 

M i  sumenops sp. 

Aranei dae 

Neoscona sp. 

M i  cryphant idae 

(Continued) 



TABLE 2.7-59 (Cont inued) 

P isaur idae  

P i sau r i na  sp. 

T h e r i d i  i dae 

Spintharus sp. 

l n s e c t a  - Insec t s  

Thysanura - B r i s t l e t a i l s  

Machi 1 i dae 

M a c h i l i s  sp. 

Collembola - S p r i n g t a i l s  

Poduri  dae 

Hypogastrura ( c .  ) c f .  armata M i c o l e t  

Hypogastrura (H.) sp. a. 

Hypogastrura (H.) sp. b. 

Morul i na c a l l  owayi a Ray 

T u l l  be rg i  a c f  . krausbauer i  Borner, 1901 

Onychiurus c f .  c o c k l e i  Folsom, 1908 

Onychiurus c f .  m i l l s i  Chamberlain, 1943 

Onychiurus c f .  ramosus Fo l  som, 191 7 

Onychiurus f i m e t a r i u s  group 

Odonte l la  c f .  scabra Stach, 1946 

Odontel l a  c f .  pseudolamel 1 i f e r a  Stach , 1949 

Pseudachorutes subcrassoi  des M i  11 s , 1934 

Mic ranur ida  f u r c i f e r a  M i l l s ,  1934 

Entomobryi dae 

Lepi  docyr tus  sp. 

S i n e l l a  sp. 

Pseudosine l la  sp. n r .  Lep idocyr tus  

Isotoma o l i vacea -v i o l acea  group 

Proisotoma sp. 

Folsomia c f .  e longa ta  

(Cont i  nued) 



TABLE 2.7-59 (Continued) 

Fol somia f ime ta r i a  

Folsomia c f .  s e n s i b i l i s  

Fol somi des pervus 

I s o t o m i e l l a  minor 

Tomocerus c f  . 1 amel 1 i ferus 

Smi n t h u r i  dae 

Dicyrtominae ( j u v .  ) 

Sminthurinae 

Sminthurinus c f .  elegans 

Orthoptera - Cockroaches and grasshoppers 

Te t r i g idae  

Acr id idae 

Me1 anopl us mexi cana 

Gryl l a c r i d i d a e  

Ceuthophi lus grac i  1 i pes 

Gryl 1 i dae 

G r y l l  us vernal i s 

Pteronemobi us. macul atus 

Pteronemobi us (nymph) 

Oecanthus quandripunctatus 

B l  a t t i d a e  

Parcobl a t t a  sp. 

Cryptocercus punctu latus Scudder 

T e t t i g o n i  idae 

A t l a n t i c u s  gibbosus Scudder 

Isoptera  - Termites 

Rhi notermi t i dae 

Psocoptera - Book1 i c e  and bark1 i c e  

Psoci dae 

(Continued) 



TABLE 2.7-59 (Cont inued) 

Hemiptera - True bugs 

M i  r i  dae 

Reduvi i dae 

Lygaei dae 

Corei  dae 

Acanthocephala femorata 

Corimel aenidae 

Homoptera - Leafhoppers and aphids 

C i  cad i  dae 

T i c i c e n  sp. 

Membraci dae 

Membraci dae (immature) 

Cercopi dae 

C i cade l l i dae  (nymph) 

Ful  g o r i  dae 

Aphi d i  dae 

Neuroptera - Dobsonf l ies  and lacewings 

Myrmeleonti dae (1  arvae) 

Chrysopi dae 

Chrysopa sp. ( l a r v a e )  

Col eopetra - Beet les  

Anobi i dae 

C i c i nde l i dae  

C i c i n d e l a  sexgu t t a ta  

C i c i n d e l a  un ipunc ta ta  

Carabi dae (1  arvae) 

Cych r i n i  (smal l  , u n i d e n t i f i e d )  

Maronetus 

undescr ibed species o f  Maronetus 

Sphaeroderus s tenostomus Web. 

(Cont inued) 



TABLE 2.7-59 (Cont inued) 

Carabi n i  

D r y p t i  n i  

Scaphinotus ( s  . s t r .  ) u n i  c o l o r  (01 i v .  ) heros Har r .  

Scaphinotus (S ten i  r i d i a )  andrewsi i (Harr.  ) germar i  Chd. 

Cal osoma 

G a l e r i  t a  ( l a r v a e )  

G a l e r i  t a  janus 

Sca r i  t i n i  

Pasimachus e longatus LeC. 

Pasimachus depressus 

P t e r o s t i c h i n i  

Tr igonognatha co rac i  na Say 

Evar thrus (Eumolops) soda1 i s LeC. 

Evar th rus  ( s  . s t r . )  americanus Dej. 

P t e r o s t i  chus (Gas t ros t i  c t u s )  obscurus Say 

L i c i n i n i  

Di cae l  us (Parad icae l  us) f u r vus  f u r vus  
Dej.  X f .  c a r i n a t u s  Dej. 

D icael  us (2. ) - d i  1 a ta tus  s inua tus  B a l l  

Harpal  i n i  

Harpal us (Pseudophonus) compar LeC. 

Chl aeni  i n i  

Chl aeni  us sp. 

Chl aeni  us (Anornoglossus) en~arg i  natus Say 

Agoni ~i 

Ol is thopus  parmatus - 
H i  s t e r i d a e  

Ho lo l ep ta  guadr iden ta ta  ( F a b r i c i  us )  --- 
S i  1 phidae ( l a r v a e )  

S i l p h a  noveboracensis --- 
(cont inued)  



TABLE 2.7-59 (Cont inued) 

Staphy l  i nidae ( 1  arvae) 

S taphy l inus  badines 

Psel  aphi  dae 

Bat r i sodes  globosus 

Canthar i  dae ( 1  arvae) 

Lampyri dae (1  arvae) 

Phot inus s c i n t i l  l ans  

Dermestidae ( l a r v a e )  

E l a t e r i d a e  ( l a r v a e )  

Aeol us me1 i 11 us (1  arvae) 

Agr io tes  oblongus 

A1 a tus  ocul  t a t u s  (1  arvae) 

C ten icera  sp. 

Melanotus castanopes 

Cucu j i dae 

Phal a c r i  dae 

N i t i d u l i d a e  

L y c i  dae (1  arvae) 

Cocc ine l l  i dae  ( l a r v a e )  

Co lyd i  i dae 

Me1 o i  dae 

Mordel 1 i dae 

Anaspis sp. 

Tenebr ion i  dae ( 1  arvae) 

Me1 andryidae 

Bos t r i ch i aae  

Geotrupi  dae 

Trox sp. 

Scarabaeidae 

Onthophagus sp. 

(Cont inued) 



TABLE 2.7-59 (Cont inued) 

Cerambyci dae 

Dorcasthema nigrum 

Chrysomelidae 

Hal t i  ci 'nae 

Curcu l ion idae  

Odontopus c a l  ceatus 

P t i  l o d a c t y l  i dae  ( 1  arvae) 

Me lo lon th idae  

Ser ica  sp. 

Lepidoptera (1  arvae) - Moths and b u t t e r f l  i e s  

A r c t i  i dae (1  arvae) 

C i  t h e r o n i  i dae  (1  arvae) 

Geometri dae (1  arvae) 

Noc tu i  dae (1  arvae) 

D ip te ra  - F l i e s  

Musci dae 

T i  p u l  i dae 
Chi ronomi dae 

Ceratopogoni dae 

Asi  1 i dae  

Do1 i chopodi dae 

Anthomyiidae 

Empididae 

Phoridae 

P i  puncul i dae 

Syrphidae ( 1  arvae) 

S t ra t iomy idae  ( 1  arvae) 

Cul i c i  dae 

Ephydridae 

(Continued) 



TABLE 2.7-59 (Cont inued) 

B ib i on idae  ( l a r v a e )  

Mycetophi 1 i dae 

Sc ia r i dae  

Bradys ia  tri t i e i  ( C o q u i l l e t t )  

Sc i  omyzi dae 

Tach in i  dae 

O t i  t i dae 

Hymenoptera - Ants, wasps and bees 

Braconi dae 

Agath is  sp. 

Ichneumonidae 

Hal i c t i d a e  ( l a r v a e )  

Vespi dae 

Chal c i  d i  dae 

M u t i l l i d a e  

Pompi l idae 

Scol i i dae 

T i p h i i d a e  

Formi c idae  

P r e n o l e t i s  impa r i s  

Myrmeci na ameri cana 

Camponotus pennsylvanicus 

Api dae 

Apis me11 i f e r a  
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